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ADVERTISEMENT. 



In isBuing a new and enlarged edition of thin abri.lg- 
ment of MiNiFrB'B Text-Book op Geometbicai. Draw- 
isG, the publisher begs respectfully to call publio 
attention to the very favorable notices elicited from 
the press by former editions of the work, both in the 
United States and Great Britain, especially from that 
portion of it devoted to Fine Art, Architecture, Engi- 
neerinff, and Mechanic* ; in all of those pursnits, a 
knowledge of drawing is indispensable to success, and 
the conductors of the literature devoted to them may 
be fairly considered as the most competent to decide 
on the merits of a treatise on this subject. Some 
eittraclR from those reviews will be found at the end 
of the volume. 

Many of the schools and colleges of the Union have 
adopted the work aa a Test-Book. It has also been 
adopted by the Comtnittee on Art of the Uritl'ih 
Oovemmenl, and inserted in its catalogue of approved 
books and studies reoommended to the Government 
and Parochial Schools throughout the kingdom. 

The publisher feels that this indorsement of an 
American book may be taken as good evidence of 
its usefulness, and of its adaptation to the purpose 
designed, which was to facilitate and extend a ktiowl- 
edge of Geometrical Drawing by smoothing the road 
to its acquirement, by the avoidance of compler 
diagrams, and by explaining their constniction and 
technical terms in plain and simple language. 

Unfortunately for us as a manufacturing people, 
dnwing has not been recognised \a omt e>^^'awft> ^1 
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education with a tithe of the importance it deserves; 
in fact, in a very large proportion of our published 
plans of iiiBtmction, it is not inperted at all, and in 
many of those in wliich it is named and professed to 
be tangbt, it is as an outside accomplishment at extra 
charge. 

This apathy still continues, while, for many years 
past, great exertions have been made by the Govern- 
ments of Europe, especially by those of France and 
England, to improve tbeir manufactures by fostering 
their schools of (design, and by endeavors to instill a 
general knowledge of drawing among the people by 
making it a prominent and regular branch of instruc- 
tion in the schools. 

Improvement in the Art of Design not only im- 
proves existing manufactures, but has also a constant 
tendency to develop new branches of art, to furnish 
much additional employment to the community, and 
thus add to the general prosperity. 

Next to the press, TEACHERS have the greatest 
influence in directing the attcnlion of parents and 
guardians to this matter, and to them we would 
appeal for aid to promulgate a great and lasting good. 
In the scbemes of education, let drawing stand in the 
same rank with the three other fundamentals, reading, 
writing, and arithmetic (for it is inferior in useful- 
ness to no other branch); make it a part of the regular 
course of education, and we should eoon see it grow 
into tavor and occupy the position to which it ia 
entitled, and which it has long maintained in the 
schools of Europe,, 
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Havikq been for several years engaged in teaching Archilec- 
lural and Mechaoical Drawing, both in (lie High School of Bal' 
tlmore and to private classes, I have endeavored without success, 
lo procure a book that I cuuld introduce as a text book; works 
OD Geometry generally contain loo much theory for the purpose, 
with an insuflicieni amount of practical problems; and books on 
Architecture and Machinery are mostly loo voluminous and cost- 
ly, containing much that is entirely unnecessary for the purpose. 
Under ihese circumstances, I collected most of the useful practi- 
cal problems in geometry from a variety of sources, simplified 
them and drew them on cards for the use of the classes, arrang- 
ing ihem from the most easy lo tlie more dit&cult, thus leading 
lite students gradually forward; this was followed by the draw- 
ing of plans, sections, elevations and details of Buildings and 
Machinery, then folbwed Isomelrical Drawing, and tlie ci 
was closed by the study of Linear Perspective and Shadows) tlie 
whole being illustrated by a series of short lectures to the private 
dasses. 

1 have been so well pleased with the results of litis method of 
that I have endeavored lo adopt its general feaiur 
of the following work. The problems 
geometry have been selected with^a view lo their 
practical appUcation in the every-day business of the Engineer, 
Architect and Anizan, while at the same lime they afford a good 
series of lessons lo facilitate (he knowledge and use of the instru 
menls required in mechanical drawing. 

The definitions and explanations have been given in as plai: 
and simple language as ibe sul^ect will admit of; many persons 
will no doubi think them too simple. Had the book been intend- 
ed for the use of persons versed in geometry, very many of the 
explanations might have been dispensed with, but it is inlended 
chiefly la be used as a first bovk in geometrical drauiing, hy per- 
aoDB who have not had the benefit of a ifta.lWema.Uisi.e&av-Mfflaa.,- 
mad who in a majority of cases, have not VW "Qior q 
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study nay complex mailer, or what is ilie same ihiag, that 
which may appear so to iheiu. And if used in schools, ils 
lailtHJ explaualions, we believe, will save time to the teacher, by 
permitting the scholar to obtain for himself much infonnalion 
thai he would orherwise require to haTe«Kplained to him. 

a also intended to be used for lelf-iwitraetwit, without 
a teacher, to whom the student might refer for expla- 
nation of any difHculty ; under these circumstances I do not be- 
1 explanation can be couclied in too simple language. 
With a view of adapting the hook to this class of students, the 
illustrations of each branch treated of, have been made progres- 
sive, commencing with the plainest iliagram^; and even iu 
more advanced, the object has been to instil principles rather thun 
3 produce eneul, as those once obtained, the student can either 
design for himself or copy from any subject at hand. It is hoped 
lenl will induce many to study drawint; who 
would not otherwise have attempted it, and thereby render tliem- 
eelves much more capable of conducting any business, for it has 
been truly said by au eminent writer on Architecture, "that one 
workman is superior to another (other circumstances being the 
ae) direcdy in proportion to his knowledge of drawing, and 
se. who are ignorant of it must in many respects be i^uhser- 
vient to others who have obtained that knowledge." 

e of tlie work has imperceptibly increased far beyond 
my original design, which was to get it up in a cheap form u ' ' 
illustrations on wood, and to contain about two-thirds of the 
Dumber in the present volume, but on exanuning some speci- 

alhematical diagrams executed on wood, 1 was C 
satisSed with their want of neatness, particularly as hut few ! 
dents aim to excel their copy. On determining to use steel illus- 

I, I deemed it advisable to extend its scope, until it has 
tamed its present bulk, and even now 1 feel more disposeil to 
'ncrease than to curtail it, as it contains but few examples pidier 
n Architetlure or Machinery. I trust, however, that the objec- 
or to ils size will find it to contain but liide that b absolutely 
uselesa to a studenL 

In conclusion, I must warn my readers agsiusl an idea thai 
»m sorry to find too prevalent, vii : that drawing requirpB hut 
little lime or study for its attainment, that it may be imbibed in- 
VOlnntarily as one would fragrance in a flower garden, with liule 
J exertion on the part of the recipient, not that the idea is 
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expressed in so many words, but it is frequently manifested by 
their dissatisfaction at not being able to make a drawing in a few 
lessons as well as their teacher, even before they have had suffi- 
cient practice to have obtained a free use of the instruments. 1 
have known many give up the study in consequence, who at 
the same time if they should be apprenticed to a carpenter, would 
be satisfied if they could use the jack plane with facility after 
several weeks practice, or be aUe to make a sash at the end of 
some years. 

Now this idea is fallacious, and calculated to do much injury , 
proficiency in no art can be obtained without attentive study and 
industrious perseverance. Drawing is certainly not an excep- 
tbn ; but the difficulties will soon vanish if you commence with 
a determination to succeed ; let your motto be persevere, never 
say '' it is too difficult ;" you will not find it so difficult as you 
imagine if you will oiAy give it proper attention ; and if my 
labors have helped to smooth those difficulties it will be to me a 
source of much gratification. 

WM. MINIFIK 

Baltimore, 
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PRACTICAL GEOMETRY. 



PLATE I. 

DEFINITIONS OF LINES AND ANGLES. 



1. A Point is said to have position without magni- 
tude ; and it is therefore generally represented to the 
^J^ by a smaU dot, ^s at A. 

2. A Line is considered as length without breadth or 
thickness, it is in fact a succession of points ; its ex- 
tremities therefore, are points. Lines are of three 
kinds; right lineSj curved lines^ and mixed lines. 

3. A Right Line, or as it is more commonly cdlled, 
a straight linej is the shortest that can be drawn between 
two given points as B* 

4. A CuKYE Of CuKTCD LiNE is that which does not 
lie evenly between its terminating points, and of 
which no portion, however small, is straight; it is 
therefore longer than a strai^t line connecting the 
same points. Curved lines are either regular or irre- 
gular. 

5. A Reoulak Cu&ted Line, as C, is a portion of 
the cireumlerence of a circle, the degree of curvature 
being tibe same throughout its entire length. An ir- 
rPgtUar curved line has not the same degree of curva- 
ture throughout, but varies at different points. 

6. A Waved Line may be evthet i^^V^t o\ m^-^- 
/ar; it is composed of curves bent Vu QOXk\x%r^ Saa^^^^^^ 
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£ is a regular wared hne, lite inSectjoos on either 
side of the rfotted line being equal; a waved line is 
also called a line of douAU ntrrofim of contrary JUx- 
ure, and a terpentine line. 

7. Mixed Lines are composed of stiai^t and curv- 
ed lines, as D. 

8. Parallel Lines are those which hare no incli- 
nation to each other, as F, being every where equidis- 
tant; consequently they could never meet, though pro- 
duced to infinity. 

If the paraiUl lines G were produced, they would 
form two concentric circles, viz : circles which have a 
common centre, whose boundaries are every where par- 
allel and equidistant. 

9. Inllised Lines, as H and /, if produced, would 
meet in a point as at K, forming an angle of which 
the point K is called the vertex or angular point, and 
the lines H and / the legs or sides of the angle K; 
the point of meeting is also called the summit of an 
angle. 

10. Pkrpendicdlar Lines. — Lines are perpendic- 
ular to each other when the angles on either side of 
tlie point of junction are equal; thus the lines JV. 0. P 
are perpendicular to the line L. M. The lines A", 0. P 
»re c:dled also vertical lines and plumb lines, because 
they lire parallel with any line to which a plummet is 
suspended ; the line L. M is a horizontal or hvel line ; 
lines so called are always perpendicular to a plumb line. 

11. Vertical and Horizontal Lines are always 
perpendicular to each other, but perpendicular lines are 
nol always vertical and horizontal ; they may he at any 
inclination to the horizon provided that the angles on 
either side of Ihe point of inlersecltnn are equal, as for 
example Ihe lines X. Fnnd Z. 

12. Akoles.^Two rij{hl lines drawn from iW same 
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point, diverging from each other, form an angle, as the 
lines S. Q. jR. An angle is commonly designated by 
three letters, and the letter designating the point of di- 
vergence, which in this case is Q, is always placed in 
the middle. Angles are either acute, right or obtuse. 
If the legs of an angle are perpendicular to each other, 
they form a right angle as T. Q. jR, (mechanics' 
squares, if true, are always right angled;) if the sides 
are nearer together, as S. Q. jR, they form an acute 
angle; if the sides are wider apart, or diverge from 
each other more than a right angle, they form un obtuse 
angle, as V. Q. R. 

The magnitude of an angle does not depend on the 
length of the sides, but upon their divergence from each 
other; an angle is said to be greater or less than an- 
other as the divergence is greater or less ; thus the ob- 
tuse angle V. Q. jR is greater, and the acute angle S. 
Q, Ris less than the right angle T. Q. jR. 
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PLANE RECTILINEAR SUPERFICIES. 
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13. A Superficies or Surface is considered as an 
extension of length and breadth without thickness. 

14. A Plane Superficies is an enclosed flat sur- 
face that will coincide in every place with a straight 
line. It is a succession of straight lines, or to be more 
explicit, if a perfectly straight edged ruler be placed on 
a plane superficies in any direction, it would touch it 
in every part of its entire length. 

15. When surfaces are bouudeA ^i^ tv^X.Xvcv^^^^^'^ 
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are said lo be Rkctilikear or Rectiuseal. As all 
th* figures on plaie second agree wiifa ibc above deli- 
nitionN, (liey are Pi.ake Rectjlinkar Superficies, 

16. Figures bounded by more than four nglit lines 
are called PuLicoKe ; tlie boundary of a |H>l>goii is 
called its Perimetkk. 

17. When Surfaces are bounded by tbree rigtit 
lines, they are called TftiANGi.ES or Trigone. 

18. An Equilateral Triangle has all its sides of 
equal length, and all its angles equal, as Ji. 

19. An Isosceles Trianglei has two of its sides 
and two of its angles equal, as B. 

20. A Scalene Tbjangle has all its sides and 
angles unequal, as C, 

21. An Acute Akgled Triangle has all its angles 
acute, as ^ and B. 

22. A Right Angled Triangle has one right 
angle; the side opposite the right angle is called the 
kypoth«nuse ; the other sides are called respectively the 
base and perpendicular. The figures A. B. C, are 
each divided into two right angled triangles by the 
dotted lines running across them. 

23. An Obtuse Angled Triangle has one obtuse 
angle, as C. 

24. If figures A and B were cut out and folded on 
the dotted line in the centre of each, ihe opposite sides 
would exactly coincide; they are therefore, regular 
triangles. 

25. Any of the sides of an equilateral or scalene tri- 
angle may be called its Base, but in the Isosceles tri- 
angle the side which is unequal is so called, ihe angle 
opposile the base is called the Vertex. 

26. The Altitude of a Triangle is the length of a 
perpendicular let fall from its vertex to its base, as a. 
•S. and b. B, or to its base extended, as d. d, figure C. 
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The sJiperficial contents nf a Triangle may be obtain- 
ed by multiplying the altitude by one half the base. 

27. When surfaces are bounded by four right lines, 
they are called Qoadrilatehals, Quadrangles or 
TETRAGOifs; either of the figures D. E. F. G. Hand 
K may be called by either of those terms, which are 
common to all four-sided right lined figures, although 
each has its own proper name. 

28. When a Quadriliiteral has its opposite sides par- 
allel to each other, it is called a Paballelogram ; 
therefore figures D. E. F and G are parallelograms. 

29. When all the angles of a Tetragon are right an- 
gles, the figure is called a Rectangle, as figures D 
and E. 

If two opposite angles of a Tetragon are right angles, 
the others are necessarily right too. 

30. If the sides of a Rectangle are all of equal 
length, tlie figure is called a Square, as figure D. 

31. If the sides of a Rectangle are not all of equal 
length, two of its sides being longer than ttie others, as 
figure E, it is called an Oblong. 

32. When the sides of a parallelogram are all equal, 
•knd the angles not right angles, two being acute and 
the others obtuse, as figure F, it is called a Rhomb, or 
RiioMBi;s ; it is also called a DT.t.MOND, and sometimes 
a Lozenge, more particularly so when the figure is 
used in beraldiy. 

33. When the sides of a parallelogram are not all 
equal, and the angles not right angles, but whose oppo- 
site sides are equal, as figure G, it is called a Rhom- 
boid. 

34. If two nf the sides of a Quadrilateral are parallel 
10 e^ch olber as the sides H and in fig. H, it is call- 
ed a TnAPEzuiu. 

33. All other Qiiadranj^les ave. caWei'X.'s^K'W's.i-va-^s 



the term being applied to all Telragons that have no 
two sides parallel, as A'. 

Note. — The Iprms TRifEzom and Thapeztum are applied 
incliBcnminawivhy sonic wriicw to either of the figures Wanii K; 
hy others, tig. H is caltei) a. Tra^exium antl fig. K a Trapexoid, 
HOil this 3ppea.rs to be the tnore correct method; hul as Trapezoid 
is a word ol' comparatively modeni origiQ, 1 have used it as it is 
most generally applied by modern writers, mure particularly so 
in works on Architecture and Mechanics. 

36. A Diagonal is aline running across a Quad- 
rangle, connecting its opposite comers, as the dotted 
lines m figs. D and F. 

Note. — I have oden seen persons much confused, in conse- 
quence of the number of names given to the same figure, sa for 
example, fig. D. 

IsL It a a •plane Figtart — see paragraph 14. 

2Dd. It is Hectiliiieol, being composed ot right lines. 

3rd. 1[ is B QiiadnUitcrid, bniiig bounifwJ by four lines. 

4lh. It is H Qttndrari^fc , having four angles. 

6[h. It is a Tttragon, having four sides. 

6tfa. It is a ParalUhgram, ita opposite sides being parallel. 

7lh. It is a Rectangle, all its angled being right angk 

All the above may be called i 
applied to all figures having the . 

8th. It is a Square, which is ii 
from all other figures, to which 
may be applied. 

All oflhem except 7 and 6, may also be applied (o fig. F, with 
the same propriety as to fig. D; besides these, fig. F has lour 
proper names distinguishing it from all other figures, viz: a 
Rhomb, Rhoinbia, Diamond and Lozenge. 

If the Hludent will analyze all the other figures in the same 
manner, he will soon become perfectly familiar with them, and 
each term will convey to bis mind a clear deGntte idea. 



because they ore 
ime properties. 

proper naTne, distinguishing il 
oine or all of the above terms 






A5TOR, L- NOX 



Til Ci 



N pOUNOA»ONS_ 



PLATE III. 17 



PLATE III. 

DEFINITIONS OP THE CIRCLE, 
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1. A Circle is a plane figure bounded by one 
curve line, every where equidistant from its centre, as 

fig. 1. 

2. The boundary line is called the Circumfer- 
ence or Periphery, it is also for convenience called a 
Circle. 

3. The Centre of a circle is a point within the 
circumference, equally distant from every point in it, as 
C,fig. 1. 

4. The Radius of a circle is a line drawn from the 
centre to any point in the circumference, as C, A^ C. B 
or C i>, fig. 1. The plural of Radius is Radii. All 
radii of the same circle are of equal length. 

5. The Diameter of a circle is any right line 
drawn through the centre to opposite points of the cir- 
cumference, as A. JB, fig. 1. The length of the di- 
ameter is equal to two radii ; there may be an infinite 
number of diameters in the same circle, but they are all 
equal. 

6. A Semicircle is the half of a circle, as fig. 2; 
it is bounded by half the circumference and by a di- 
ameter. 

7. A Segment of a circle is any part of the surface 
cut off by a right line, as in fig. 3. Segments may be 
therefore greater or less than a semicircle. 

8. An Arc of a circle is any portioiv of tl\e cucmvcl- 
) ference cut off, as C, G. D or E. G. F,?v^-^. 
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9. A Chord is a right line joining the extremities 
of an arc, as C. D and E. F, fig. 3. The diameter is 
the chord of a semicircle. The chord is also called 
the Subtense. 

10. A Sector of a circle is a space contained be- 
tween two radii and the are which they intercejpt, as E. 
a D, or O. a H, fig. 4. 

11. A Quadrant is a sector whose area is equal 
to one-fourth of the circle, as fig. 5 ; the ate D. E be- 
ing equal to Ofie-fourth of the whole cipcu inference, and 
the radii at right angles to each other. 

12. A Degree. — The ei re u inference of a circle is 
considered as divided into 360 equal parts sailed De- 
grees, (marked") each degree is divided into 60 
minutes {marked') and each minute into 60 seconds 
(marked"); thus if the circle be large or small, tlie 
number of divisions is always the same, a degree being 
equal to l-360lh part of the whole circumference, the 
semicircle equal to 180°, and the quadrant equal to 
90°. The radii drawn from the centre of a circle to 
the extremities of a quadrant are always at right angles 
to each other ; a right angle is therefore called an angle 
of 90°. If we bisect a right angle by a right line, it 
would divide the arc of the quadrant also into two 
equal parts, each part equal to one-eighth of the whole 
circumference containing 45° ; if the right angle wer* 
divided into three equal parts by straight lines, it would 
ilivide the arc into three equal parts, each containing 
30°. Thus the degrees of the circle are used to mea- 
sure angles, and when we speak of an angle of any 
□ umber of degrees, it is understood, thai if a circle 
Vtilh any lertsrt/i nfrnd'tas, be struck icith one foot of the 
dividers in the angular -point, the sides of the ajiffle will 
iidercept a portion of the circle equal to the number of 



PLATE 111. 19 



NoTK. — Thia division of the circle is purrfy arbitrary, but il 
; bas fxisted from ihe moet ancient times and every wiirre. Dur- 
', ing ihe revoinlionary period of 1789 in Franue, il was proposed 
3 adopt a decimal division, by which the circumference was 
I reckoned at 400 groJet ; bul ihia melliod was never extensively 
1 adopted and is now virtually abandoned. 

13. The Complement of an Jlrc or of an Angle is 
the difference between that arc or angle and a quad- 
rant; thus E. D fig. 6 is the corapleioent of the arc D. 
I B, and E. C. D the complement of the angle D. C. B. 
14- The Supplement of an Arc or of an Angle is 
■ the diffei-ence between that arc or angle and a semicir- 
; thus D. A fig. 7, is the supplement of the arcD. 
B, and D. C. A the supplement of the angle B. C. D. 
5. A Takgent is a right line, drawn without a cir- 
t cle touching it only at one point as B. E fig. 8; the 
point where it touches the circle is called the point of 
contact, or the tangent point. 

16. A Secant is a right line drawn from Ihe centre 
of a circle cutting its circumference and prolonged to 
meet a tangent as C. E fig. 8. 

NaTK. — Sec»ht Point is the same as point of intiTieetion, 
' being ihe point where two lines crops or cut each other. 

17. The Co-Tangent of an arc is the tangent of the 
complement of that arc, as H. K fig. 8. 

KoTE. — The shndei! parts in these digrams are the £;ivpn angles, 
bill if in fie, B, D. C. U be the given angle and li. H the given 
m, then H. K. would be the tangent and B. E the co-tnngent. 

1 18. The Sine of an arc is a line drawn from one 

I exliemily, perpendicular to a radius drawn to the other 

k extremity of ihe arc as D. F fig. 9. 

^L 19. TheCo-siNE nf an arc is thesineof the comple- 

H mat of that arc as /.. 7> fig. 10. 

^■1 20. The Versed Sine of an arc is thai, v^tt ol 'ij^ 

^Bl nilius intercepted belween the sine and \\\a catc\ 

■/fflce as F. B fig. 9. 
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21. Iq figure 11, we have the whole of ihe foregoing 
definitions illustrated in one diagram. C. H — C D — 
C. B and C. ^ are Radii; A. B the Diameter; B. C. D 
a Sector ; B. C. H a. Quadrant. Let B. C. D be the 
given Angle, and B. D the given Arc, then B. D. is 
the Chord, D. H the Complement, and D. A the Sup- 
plement of the arc ; JJ. C ff. the CompleTnent and D. 
C A the Supplement of the given angle ; £. £ the 
Tangent and /f. fi" the Co-tangent, C. E the Secant 
and C. i: the Co-secant, F. D (he ^inc, L. D the Co- 
mjM and F. B the Kerserf Sine. 



PLATE IV. 
TO ERECT OR LET FALL A PERPENDICULAR. 



Problem 1. Figure 1. 

To bisect the right line A. B iy a perpendicular. 

1st. With any radius greater than one half of the 
given line, and with one point of the dividers in A and 
B successively, draw two arcs intersecting each other, 
in C and J). 

2nd. Through the points of intersection draw C. D, 
whioh is the perpendicular required. 



Problem 2. Fig. 2. 

From the point T> in the line E. F to erect a perpen- 
dicular. 

1st. With one foot of the dividers p\aceA to "Avft ^ 
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point JD with any radius less than one half of the line, 
describe an arc, cutting the given line in B and C. 

2nd. From the points JB and C with any radius 
greater than JB. JD, describe two arcs, cutting each 
other in G. 

3rd. From the point of intersection draw G. JD, 
which is the perpendicular required. 

Problem 3. Fig. 3. 



To erect a perpendicular when the poirU D is at or near 

the end of a line, 

1st. With one foot of the dividers in the given point 
D, with any radius, as JD. JE,draw an indefinite arc G. H. 

2nd. With the same radius and the dividers in any 
point of the arc, as E, draw the arc B. D. F, cutting 
the line C D in B, 

3rd. From the point B through E draw a right line, 
cutting the arc in jP. 

4th. From F draw F» D, which is the perpendicular 
required. 

Note. — ^It will be peroeiTed that the are Jl. JD. F is a semieir* 
de^ and the right line B. Fa, diameter ; if from the extremities 
of a* semicircle right lines be drawn to any point in the cunre^ the 
angle formed by them will be a right angle. This affords a ready 
method for forming a ''•gtiore comer/' and will be found useful 
on many oecasions, as its accuracy may be depended on. 
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Problem 4. Fig. 4. 



Another method of erecting a perpendicular when at or 

near the end of the line. 

Continue the line H. D toward C, Mid y^oc^^ ^^\sl\ 
problem 2; the letters of reference ate \iie «aMi^. 
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Pboblem 5. Fie. 5. 

From the point D to let Jail a perpendicular to the line 
A. B. 

1st. With any radius greater than D. G and one foot 
of the compasses in D, describe an arc cutting ^. B in 
E and F. 

2nd. From E and F with any radius greater than E. 
G, describe two arcs cutting each other as in C. 

3rd. From Cdraw the right line D. C, then D. G is 
the perpendicular required, 



Problem 6. Fig. 6. 
W^n the point D is nearly opposite the end of the line. 

1st. From the given point D, draw a right line to 
any point of the line ^. B as 0. 

8nd. Bisect 0. D by problem 1, in E. 

3rd. With one foot of the compasses in E with a ra- 
dius equal to E. D ov E. describe an arc cutting ^, 
B in F. 

4lh. Draw D. F, which is the perpendicular required. 

Note. — The reailer wiU perceive that we have arrived at tlie 
same result as we did by problem 3, but by a differenl process, 
the right angle being formed within a seiuiciide. 



Pboblem 7. Fig. 7. 

Another method of letting Jail a perpendicular when the 
given point D is nearly opposite the end of the line, 

1st. With any radius as F. D and one foot of the 
compasses in ■ the line ^. B as at F, draw an arc D. 
V. C. 
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2n(l. With any other radius aa E. D draw another 
arc -D. K. C, cutting the first arc in C and D. 

3rd. From D draw D. C, then D. G is the perpen- 
dicular required. 

NoTH.— The poiols E and F from which the arcs are drawn, 
sbould be as far nparl aa ibe line ^ B will admit of, bb the exact 
points or imeraeclion can be more easily found, ibr it is evident, 
that the nearer two lines cross each other at a rigbt angle, the 
Gaer will be the point of coalact 



Problem 8. Fig. 8. 



To erect a perpendicular at J) the end of the line C. D, 
icilh a scale of equal parts. 

1st. From any scale of equal parts take three in your 
dividers, and with one foot in i>, cut the line C. D in B. 

2nd, From the same scale take four parts in your 
diviciers, and with one foot in D draw an indefinite arc 
towanJ E. 

3rd. With a radius equal to five of the same parts, 
and one foot of the dividers in B, cut the other arc in E. 

4th. From E draw E. D, which is the perpendicular 
required. 

NoTB 1 St If ftuT parts were Rrsi taken in ihe diridera and laiil 
off on the line C. D, then three parts should be used for striking 
the indefinite arc, at A, and the live pans struck from the point 
C, which would give the inieraeclion A, and arrive at the same 

2nd. On referring to the definitions of angles, it will be found 
thai Ihe side of a right angled triangle opposite the right angle is 
called the Hypolhenuse; thus the line £. B is the hypoihenuse 
of the triangle E. D. B. 

3rd. The square of the hypoihenuse of a right angled iriangle 
is equal to the sum of the squares of both the other sides. 

4Th. The square of a number is ihe ^TtAucv (A >Jwi'. wiHi&iCT 
niuliipliea by ilSflf. 
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Example. — ^The length of Ihe aide D. E is 4. whjrh multiplied 
by 4,willgiverorilsa<]uare 16. The length of 2J.B is 3, which 
Qiulliplied by 3, gives for the square 9. The products of the two 
sides added togelher give 25. The length of the hypolhenuse is 
5, which multiplied by 5, gives also 25. 

Sth, The results will always be the same, but if fractional parts 
ue used in the measures, the proof is not so obvious, as the mul- 
liplication would lie more l^DTn plicated. 

6th. 3, 4 and 5 are the least whole numbers that can be used 
in laying down this Jingrani, but any mullipte of these anmfaBa 
may be used; thus, if we muUiply ihem bv 2, it would give 6, S 
and 10; if by 3, it would give 9, 12 and 15; if by 4—12, 16 and 
20, and so on. The greater the distances employed, other things 
being equal, the greater will be theprobableaccuracy of theresulL 

7lh. We have used a scale of equal pans without designating 
ihe unit of measurement, which may be an inch, foot, yard, or 

Sth. As this problem is frequently used by practical men in 
laying off work, we will give an illustration. 

Example. — Suppose the line C. D to be the frunt of a house, 
and it is desired to lay off the side at right angles to it from the 
comer D. 

IsL Drive in a small stake al D, put the ring of a tape mea- 
sure on it and lay off twelve feet toward B. 

2nd. With a distance of sixteen feet, the ring remaining at D, 
trace a short circle on the ground at £. 

3rd. Remove the ring (o B, and with a distance of twenty feet 
Kit the Grst circle at E. 

4th. Stretch a line from D to £, which will give the required 
•ide of ihe building. 
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PLATE y. 

€ONSTRU<mON AND WVISION OF ANGLES. 
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Problem 9. JPio. 1. 



The length of the sides of a Triangle A. B., C. J), and 
E. F beir^ given, to construct the Triangle, the two 
hngest sides to hejtrimd together stt A. 

1st With the length of the line C D for a radiui 
&nd one foot in A, draw an arc at 6. 

2nd. "With the length of the line E. F for a radhis 
and one foot in JB, draw an arc cutting the other arc 
at G. 

3rd. From the point of intersection draw G. Jl and 
G. JB, which complete die figure. 
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Problem 10. Fig. 2. 
To construct an Angle at K equal to'the Angle H. 

1st. From H with any radius, draw an arc cutting 
the sides of the angle as at M. JV*. 

2nd. From K with the same radius, describe an in- 
definite arc at 0. 

3rd. Draw K. parallel to jff. M. 

4th. Take the distance from M to JV*and apply it 
from to P. 

6th. Through P draw K P, which complete flie fi- 
gore, \ 



Problem 11. Fig. 3. 
To Bisect the gtven Angle Q,by a Right Line. 

1st. With any radius and one foot of the dividers in 
Q draw an arc cutting the sides of the angle as in jR 
an<I S. 

2nd. With the same or any other radius, greater than 
one-half R. S, from the points S and R, describe two 
arcs cutting each other, as at 7". 

3rd. Draw T. Q, which divides the angle equally. 

Note. — Thia problem may be very usefully appLed by workmpii 
on many occasions. Suppose, for example, the comer Q be ilie 
corner of a room, and a washboard or cornice has lo be fined 
around it; fiisl, apply the bevel to the angle and lay it dowi 
a piece of boani, bisect the angle as above, then set the bevel 
the centre line, and you have the exact angle for culling the 
This rule will apply equally to the internal or externa] angle. 
Most good practical workmen have several means forgetting the 
cut of the milre, and to them ihis demonstration will appear 
necessary, hut I have seen many men make sad blunders, for 
wanl of knowing this simple rule. 



Pbobleh 12. Fig. 4. 
To Trisect a Right Angle. 

1st. From the angular point Kwith any radius, de- 
scribe an arc cutting the sides of the angle, as in X 
and W. 

2nd. With the same radius from the points X and 
W, cut the arc in Y and Z. 

3rd. Draw Y. V and Z. V, which will divide the 
angle as required. 
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Problem 13. Fig. 5. 



To inscriie in the triangle A. B. C, a Circle toiLching all 

its sides. 

1st. Bisect two of the angles by problem 11, as .^ 
and Bj the dividing lines will cut each other in JD, then 
D is the centre of the circle. 

2nd. From JD let fall a perpendicular to either of the 
sides as at F, then JD. F is the radius, with which to 
describe the circle from the point JD. 
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Problem 14. Fio. 6. 



On the given line A. B to construct an Equilateral 
Triangley the line A. B to be one of its sides, 

1st. With a radius equal to the given line from the 
points ^ and B^ describe two arcs intersecting each 
other in C. 

2nd. From C, draw C Jl and C. By to complete the 
figure. 



PLATE VI. 

CONSTRUCTION OF POLYGONS. 
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A figure of 3 sides is called a Trigon. 

« 4 " " Tetragon, 

polygon 5 " " Pentagon. 

" 6 " " Hexagon. 

" 7 " « Heptagon. 

" 8 " " Octagon. 

" 9 " " ISntie^goTiot'^crRa^^ 



ow.. 



A polygon of 10 sides is called a Decagon. 
" II" " Undecagon. 

" 12 " " Dodecagon. 

1st. When the sidea of a polygon are all of equal 
length and oil the angles are equal, it is called a regu- 
lar polygon ; if unequal, it is called an irregular polygon, 

2nd. It is not necessary to say a regular Hexagon, 
regular Octagon, &c. ; as when either of those figures 
is named, it is always supposed to be regulai, unleu 
otherwise stated. 



Pboblem 15. Fig. 1. 

On a given line A, B to coTistruct a square whose AeU 
shall be equal to the given line. 

1st. With the length J. B for a radius from the 
points A and B, describe two arcs cutting each other 
in C. 

2nd. Bisect the arc C. Jl or C. B in D. 

3rd. From C, with a radius equal to C. D, cut the 
arc B. £ in £ and the arc A. F in F. 

4th. Draw A. E, E. F and F. B, which complete 
the square. 



PaoBLEM 16. Fig. 2. 



In the given square G. H. K. J, to inscribe an Octagon. 

1st. Draw the diagonals G. K and H. J, intersecting 
each other in P. 

2nd, With a radius equal to half the diagonal from 
die comers G. H. K and J, draw arcs cutting the sides 
of the square in 0. 0. 0, &c, 

3rd. Draw the right lines 0. 0., 0. 0, &c., and 
ihey wi]] complete the octagovi. 
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This mode is used by workmen when they desire to 
make a pie^e of wood round foar a roller, or any other 
purpose; it is first made square, and the diagonals 
drawn across the end ; the distance of one half the di- 
agonal is then set offy as from 6 to H in the diagram, 
and a guage set from if to H which run on all the cor- 
ners, gives the lines for reducing the square to an octa- 
gon ; the comers are again taken off, and finally finish- 
ed with a tool appropriate to the purpose. The centre 
of each face of the octagon gives a line in the circum- 
ference of the circle, running the whole length of the 
piece ; and as there are eight of those lines equidistant 
from each other, the further steps in the process are 
rendered very simple. 
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Problem 17« Fig. 3. 



In a given circle to inscribe an Equilateral TriangUj a 

Hexagon and Dodecagon. 

1st. For the Triangle, with the radius of the given 
circle from any point in the circumference, as at ./}, de- 
scribe an arc cutting the circle in B and C 

2nd. Draw the right line B. C, and with a radius 
^ual J3. C, from the points B and C, cut the circle ^^ 
inD. 

3rd. Draw D. B and D. C, which complete the tri- ' 
. angle. 

4th. For the Hexagon, take the radius of the given 
circle and carry it round on the circumference six times, 
it will give the points Jt. B. £. *D. F. C, through them, 
draw the sides of the hexagon. Ttie radius of a circle 
is always equal to the side of an hexa^oa inscribed 
/ herein. 

3^ ' 



5di. For the Dodecagos, bisect Uie arcs between 
the points found for the hexagon, which will give the 
points for inscribiog the dodecagon. 



PKOBLEM 18. Fig. 4. 
In a given Circle to inscribe a Square and an Octagon. 

Ist, Draw a diameter ^. B, and bisect it with a per- 
pendicular by problem 1, giving the points C. J). 

2nd. From the points A. C. B. D, draw the ri^t 
lines forming the sides of tlie square required. 

3rd. For the Octagon, bisect the sides of the square 
and draw perpendiculars to the circle, or bisect the arcs 
between the points A. C. B. D, which will give the 
other angular points of the required octagon. 



On the given line 0. P to construct a Pentagon, 0. P 
being tlie length of the side. 

1st. With the length of the line 0. P from 0, de- 
scribe the semicircle P. Q, meeting the line P. O, ex- 
tended in Q. 

2nd. Divide the semicircle into five equal parts and 
from draw lines through the divisions 1, 2 and 3. 

3rd. With the length of the given side from P, cut 
1 in S, from S out 2, in R, and from Q cut 2 
in R; connect the points 0, Q, R. S. P by right lines, 
•he pentagon will be complete. 




Problem 20. Fig. 6. 



X)n the given line A. B to construct d Heptagon^ A. B 

being the length of the sid^. 

1st. From A with Jl. B for a radius, draw the semi- 
circle B, H, 

2d. Divide the semicircle into seven equal parts^ and 
from A through 1, 2, 3, 4 and 5, draw indefinite lines. 

3rd. From B cut the line Aim C, from Cent A 2 
in By from G cxiXA 4 in F, and from J" cut .^ 3 in £, 
connect the points by right lines to complete the figure. 

Any polygon may be constructed by this method. 
The rule is, to divide the semicircle into as many equal 
parts as there are sides in the required polygon, draw 
lines through all the divisions except two, and proceed 
as above. 

Considerable care is required to draw these figures 
accurately, on account of the difficulty of finding the 
exact points of intersection. They should be practised 
on a much larger scale. , 
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Problem 21. Fig. 1. 



To find, the Centre of a Circle, 

tst. Draw any chord, as A. By and bisect it by a 
perpendicular E. D, which is a diameter of the circle. 

2nd. Bisect the perpendicular jB. D by ^toblwsi V^ V 
the point of intersection at C is the cexAxe o^ ^^ ^vxOi^% \ 



FiGUHK 2. 

Another vuVtod of finding the Centre efa Circle. 

1st. Join any three points in the circumference as 
F. G. H. 

2nd. Bisect the chords F. G and G. H by perpen- 
dicul;irs, their point of intersection at C is the centre 
required. 



Pkoblem 22. Fig. 3. 



To dram a Circle through any three points not in a 
straight line, as M. N. 0. 

1st, Connect the points by straight lines, which wiil 
be chords to the required circle. 

2nd, Bisect the chords by perpendiculars, their point 
of intersection at C is the centre of the required circle. 

3rd. With one foot of the dividers at C, and a radius 
equal to C. M, C. JV, or C. O, describe the circle. 



Problem 23. Fig. 4. 

To find the Centre for describing the Segment of a 
Circle. 

Ist. Let P. A be the chord of the segment, and P. 
S the rise. 

2nd. Draw the chords P. Q and Q. R, and bisect 
them by perpendiculars; the point of intersection at C 
is the centre for describing the segment. 



PLaJte. 7. 



PROBLEMS RELATING TO THE CIRCLE. 
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Problem 24. Fig. 5. 



To jmA a Right Line nearly equal to an Jlrc of a 

Circle, as H. I. K. 

1st. Draw the chord H. K, and extend it indefinitely 
toward O. 

2nd. Bisect the segment in J, and draw the chords 
H. I and /. K. 

3rd. With one foot of the dividers in H, and a radius 
equal to H. /, cut H. in Jtf, then with the same ra- 
dius, and one foot in M, cut H. again in JV*. 

4th. Divide the difference £ JV* into three equal 
parts, and extend one of them toward 0, then will the 
right line H, be nearly equal to the curved line 
H. I. K. 
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Problem 25. Fig. 6. 



To find a Right Line nearly eqttal to the Semicircum- 

Jerence A. F. B. 

1st. Draw the diameter jf. B, and bisect it by the 
perpendicular F. H; extend F, H indefinitely toward G. 

2nd. Divide the radius C, H into four equal parts, 
and extend three of those parts to 6. 

3rd. At F draw an indefinite right line D. E, 

4th. From 6 through A, the end of the diameter .^. 
Bj draw G. A. Z>, cutting the line D. E in D, and from 
G through B draw G. B. E, cutting J). E in £, then 
will the line D. E be nearly equal to the semicircum- 
ference of the circle, and the triangles D, G, E and ./?. 
G. B will be equilateral. 



\ 



Note. — The right lines found by pr6b\ems%^TA*^,^^'Stf]^ 
otathematically equal to the respeclWe cuTves,\>wX.^^^«viSSiSARO& 



oMica far all pca«tical p ut pontj. fFoHbwn are in the habit of 
I tBMg dte (bOowing method lor fiDifii^ the leagih gf a cuiretl 

coaqMSHS id ■ smaD distance, and eommenC' 
«aid, attp off ilw whole cum, anting the number of 
' the nmaiitder less than a siep, if any; ihey 
ofTibc same numbei of times, with ibe fame distance, 
Hli^le la be bent around il, aud add the remainder, which 
leoglh sutEcit^ittly tnie for tbetr purpose: the enor 
BKibod amouDis to the sum of the differences between the 
■le cut off by each step, and its chord. 



PLATE VIII. 

PARALLEL RULER AND APPLICATION. 



FlGlTRE 1. 



The parallel ruler figured in the plate, consists of 
two bars of wood or metal ^. B and C. D, of equal 
length, breadth and thickness, connected together by 
two arms of equal length placed diagonally across the 
bars, both at tiie sarue angle, and moving fredy on tlie 
rivets which connect them to the bars; if the bar.^. B 
be kept firmly in any position and the bar C. D moved, 
the ends of the arms connected to C. D will describe 
arcs of circles and recetie from ^. B until the arms are 
at right angles to the bars, as shewn by the dotted 
lines; if moved farther round, the bars will again ap- 
proach each other on the other side. 

The bars of which the ruler is composed, being par- 
allel to each other, it follows, that if either edge of the 
instrument is placed parallel with a line and held in 
that position, another line may be dvavin parallel to the 
1/ an/ distance witliin the range ai -Ccx \\\^\\\\taKtt.. 
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This is its most obvious use; it is generally applied to 
the drawing of inclined parallel lines in mechanical 
drawings^ vertical and horizontal lines being more 
easily drawn virith the square, when the drawing is at- 
tached to a drawing board. 

Application. — Problem 26. Fig. 2« 



To divide the lAne E. F i7ito any number of equal 

partSy say 12. 

1st. From E draw E. G at any angle to E. F, and 
step off with any opening of the dividei-s, twelve equal 
spaces on E. G. 

2nd. Join F 12, and with the parallel ruler draw 
lines through the points of division in E. G, parallel to 
12 F intersecting E. F, and dividing it as required. 



^tf«^h^M«A^h^«A««^«^k^k^«^«^k^a««^k««tfN^«rf«tf«# 



Problem 27. Fig. 3. 



To divide a Line of the leiigth of G, II in the same pro- 
portion as the Line I, K is divided. 

1st. From I draw a line at any angle and make I. L 
equal to G. H. 

2nd. Join the ends K and I> by a right line, and 
draw lines parallel to it through all the points of divi- 
sion, to intersect I. X, then I. L will be divided in the 
same proportion as /. K. 



Problem 28. Fio. 4« 



To reduce the Trapezium A. B. C. D /o a Triangle of 

equal area. ^ 

l8t Prolong a D indefinitely. 

"-•- -• ~ - . ■ ■ L.. . ■ .. . ■ ■ 
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2nd. Draw the diagonal A. D, pince one edge of the 
ruler on the line Ji. D and extend the other edge to B, 
then draw B. E, cutting C. D extended in E. 

3rd. Join A. £, then the area of the triangle A. E. 
C will be equal to the trapezium A. B. C. D. 



Pkobleh 29. Fto. 5. 



To reduce the irregular Pentagon F. G. H. I. K. fo a 
Tetragon and to a Triangle, each of equal area vfitk 

the Pentagon. 

Ist. Prolong/, //indefinitely. 

2nd. Draw the diagonal F. H antl G. M parallel to 
it, cutting /. //in M, and draw F. M. 

3rd. Prolong A". / indefinitely toward L. 

4th. Draw the diagonal F. I and draw M. L parallel 
to it, cutting K. L in L, 

5th. Draw F. L, then the triangle F. L. K, and the 
tetragon K. F. M. /, are equal in area to the given 
pentagon. 



PLATE IX. 



CONSTRUCTION OF THE SCALE OF CHORDS 
AND ITS APPLICATION— PLANE SCALES. 



Pbobi.em 30. Figure J. 

To Conttruct a Scale of Chords. 

Let ./?. B be a rule on which to construct the scale. 
lit. With any radius, and one foot in D, describe 9 
I tben draw the radii D. C aiid D. E. 
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2iid. Divide the arc into three equal parts as fol- 
lows : — With the radius of tlie quadnint, and the divi- 
ders in C, cut Uie arc in 60 ; then, with one foot in E, 
cut the arc in 30. 

3rd. Divide these spaces each into three equal parts, 

len tlie quadrant wiJl be divided into nine equal parts 
of 10° each. 

4lh. From C, draw chords to each of the divisions, 
and transfer them, as shewn by the dotted lines, to ^. B. 

5th. Divide each of the spaces on the arc into ten 
equal parts, and transfer the chords to ^. B, when we 
sliall have a scale of chords corresponding to the re- 
spective degrees. 

Note 1. — This scale is gen^rall^ found od the plane scale 
which Bccompaniea a set of drawing inslrumenls, and marked C, 
otCh. 

Note S. — Any scale of chord b may be re-constructed by using 
the chofd of 60° as a radius for describing the quadrant 



Application. — Problem 31. Fig. 2. 

7b lay down an Angle at F, of any number of degrees, 
My 25, the line G. F lo fonn one side of the Angle. 

lat. Take the chord of 60° in the dividers, and Nvith 
one foot in F, describe an indefinite arc, cutting G. F 
inffi 

2nd. From the scale take 25° in the dividers, and 
with one foot in H, cut the arc in K. 

3rd. Through K, draw K. F, which completes the 
Inquired angle. If we desire an angle of 15° or 30°, 
take the required number from the scale, and cut the 
arc in or P, and in the same rQ'<mi\ei tot ^k^ oft^w 



Paoblem 32. Fig. 3. 
To measure an Angle F, already laid down. 

lat. With the chord of 60°, and one foot of the di- 
viders in the angular point, cut the sides of the angle 
in I{ and A'. 

2nd. Take the distance H. K in the dividers, and 
apply it to the scale, which will shew the number of 
degrees subtended by the angle. 



SCALES OF EQUAL PARTS. 



1st. Scales of equal parts may be divided into two 
kinds, viz : Those which consist of two or three lines, 
divided by short parallel lines, at right angles to the 
others, like fig. 3, or those which are composed of sev- 
eral parallel lines, divided by diagonal and vertical 
lines, like figs, 4 and 5 : the first kind are called simple 
scales, the second diagonal scales. 

2nd, Scales of equal parts may be made of any size, 
and may be made to represent any unit of measure: 
thus each part of a scale may be an inch, or the tenth 
of an inch, or any other space, and may represent an 
inch, foot, yard, fathom, mile, or degree, or any other 
quantity. 

3-d. The measure which the scale is intended to 
represent, is called the unit of measuremevt. In archi- 
tectural or mechanical drawings, the unit of measure- 
ment is generally a foot, which is subdivided into 
inches to correspond w^ith the common foot rule. For 
VWking drawings, the scale is generally large. A very 
joutnode of laying down working drawings, is to 
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use a scale of one and a half inches to the foot; this 
gives one-eighth of an inch to an inch, which is equal 
to one-eighth of the full size. This is very convenient, 
as every workman has a scale on his rule, which he 
can apply to the drawing with facility. Scales are 
generally made to suit each particular case, dependant 
on the size of the object to be represented, and on the* 
size of the paper or board on which the drawing is to 
be made. 

4th. To DRAW A Scale. If we have a definite size 
for each part of a required scale, say one-quarter of ah 
inch, we have only to extend the dividers to that mea- 
sure, step off the parts and number them, reserving the 
left hand space to be subdivided for inches. Care 
should be taken to have the scale true. It should be 
proved by taking two, three, four or five parts in the 
dividers, and applying it to several parts of the scale ; 
when, if found correct, the drawing may be proceeded 
with. It is much easier to draw another scale if the 
first is imperfect, than to correct a drawing made from 
a false scale. 

5th. Fig. 3 requires but little explanation. It is 
called a quarter of an inch scale, as each unit of the 
scale is a quarter of an inch ; the starting point of a 
scale marked 0, is called its Zero. The term is not 
very common among practical men, except when ap- 
plied to the thermometer; and, when we say the ther- 
mometer is down to Zero, we mean that it is at the 
commencement of the scale. It is better to number a 
scale above and below, as in the figure ; for, if we wish 
to take a measure of any number of feet less than 10, 
and inches, say 3 feet 6 inches, we place one foot of 
the dividers at 3, numbered frombe\o>N^tvxv^^'^\sxv\'^<6 \^ 
other out to 6 inches. If, on lYve oVWt V-Oiw^^ >«^\«s^ 
to measure a number of feet more VWw \^«» ^^"^ \!^>^' 
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should place one foot in llie ilivifioa marked 10, on 
the top of tlie scale willioiit the plute, :md extend it to 
3, when we are enabled to read the (quantity at sig^t, 
without any mental operation, as we must do if the 
scale is only numbered as below. For example, lo 
take 13 feet, wc must place one foot of the dividers at 
20, and extend it to 7, This operation is simple, it is 
true, but it requires us to subtract 7 from 20 to get 13, 
instead of reading from the scale as we could do from 
the upper numbers. In taking a large space in the di- 
viders, it is always belter to take the whole numbers 
first, and add the inches or other fractions afterwards. 
The space on the lelt hand in this figure, is divided into 
twelve parts for inches. 



Figure 4 



Is A HALF INCH DiAGOHAL ScALE, divided for feet 
Ksd inches. To draw a scale of this kind :- — 

1st. Draw 7 lines parallel to each other, and equi- 
distant. 

2nd, Step off spaces of half an inch each, and draw 
lines through the divisions across the whole of the 
spaces. 

3rd. Divide the top of the first space into two equal 
parts, draw the diagonal lines, and number them as in 
the diagram. 

To lake any measure from this scale, say 2' 1", we 
must place the dividers on the first line above the bot- 
tom on the second division on the scale, and extend 
the other foot to the first diagonal line, numbered 1, 
which will give the required dimension. If we wish 
to take 2' 11", we must place one leg of the dividers 
taame as before, and extend the o\.her \.o iVe setowi 
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diagonal line, which gives the dimension. If we wish 
to take 1' 3^', we must place the dividers on the middle 
line in the first vertical division, and extend it to the 
first diagonal line, numbered 3, and proceed in the 
same manner for any other dimension. 

This is a very useful fbrm of scale. The student 
should familiarize himself with its construction and ap- 
plication. 



^0tft^^0*0tif>af^m0^0t0^^*0*^^^^t^^i^*^i^^0^tmm 



Figure 5 



Is AN- iifCB DiAGO'NAL ScALE, divided mto tenths 
and hundredths. 

It is made by drawing eleven lines parallel to each 
other, enclosing ten equal spaces, with vertical lines 
drawn through the points of division across the whole. 
The left hand vertical space is divided into ten equal 
parts, and diagonal lines drawn as in the figure. 

This scale gives three denominations. Each of the 
small spaces on the top and bottom lines, is equal to 
one-tenth of the whole division. The horizontal lines 
contained between the first diagonal and the vertical 
line, are divided into tenths of the smaller division, or 
hundredths of the larger division ; for example, the first 
line from the top contains nine-tenths of the smaller 
division, the second eight- tenths, the third seven-tenths, 
and so on as numbered on the end of the scale. To 
make a diagonal scale of this form, divided into feet, 
inches, &c., we must draw 13 parallel horizontal lines, 
and divide the left hand space also into 13. 



\ 



PLATE X. 

CONSTRUCTION OF THE PROTRACTOR. 

Figure 1, 

The protractor is an instrument generally formed of 
B semicircle and its chord; the semicircle is divided 
into 180 equal parts or degrees, numbered in both di- 
rections from 10^ to 180°, as in its application, angles 
are often required to be measured or laid down on 
either hand; in portable cases of instruments the pro- 
tractor is frequently drawn on a flat straight scale as in 
the diagram. Its mode of construction is sufficiently 
obvious from the drawing; a small notch or mark in 
the centre of the straight edge of the instrument denotes 
the centre from which the semicircle is described, and 
the angular point in which all the lines meet. 



Application. — Problem 33. Fig- 2. 

WITH THE PROTRACTOR, TO PROTRACT OR 
LAY DOWN ANY ANGLE. 

From Ihe point let it be required to form, a RiglU 
Jingle to the line O. P. 

1st. Place the straight edge of the protractor to coin- 
cide witii the line 0. P, with the centre at 0, then 
mark die angle of 90° at S. 

2nd. From S draw S. 0, which gives the required 
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While the instrument is in the position described, 
with its centre at 0, any other angle may be laid down, 
thus at Q we have 30^, at R 6(P, at T 120^, and at 
V 150^9 and so on from the fraction of a degree up to 
180°. 

The protractor may also be used for constructing any 
regular polygon in a circle or on a given line; to do so, 
it is necessary to know the angle formed by said poly- 
gon by lines drawn from its comers to the centre of the 
circle, and also to know the angle formed by any two 
adjoining faces of the polygon. The table given for 
this purpose is constructed as follows : 

1st. To find the angle formed by any polygon at the 
centre, divide 360, the number of degrees in the whole 
circle, by the number of sides in the required polygon, 
the quotient will be the angle at the centre; for exam- 
ple, let it be required to find the angle at the centre of 
an octagon : — divide 360 by 8 the number of sides, the 
quotient will be 45, which is the angle formed by the 
octagon at the centre. 

2nd. To find the angle formed by two adjoining faces 
of a polygon, we must subtract from 180 the number 
of degrees in the semicircle; the angle formed by said 
polygon at the centre, the remainder will be the angle 
formed at the circumference. For example let us take 
the octagon; we have found in the last paragraph that 
the angle formed by that figure in the centre is 45° ; 
then if we subtract 45 from 180 it will leave 135, which 
is the angle formed by two adjoining faces of the oc- 
tagon. 
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TO DESCRIBE FLAT SEGMENTS OF CIRCLES 
AND PARABOLAS. 



Very often in practice it would be very inconvenient 
to find tlie centre for describing a flat segment of a cir- 
cle, in consequence of the rise of an arch being so 
small compared to its span. 



Problem 34. Fig. 1. 

To describe a Segment with a Triangle. 

NoTft. — In all (he diagrams in this plate J. B is the span of 
the arch, .J. D the lise, and ClhecenneoflhecronD of ihearch. 

1st. Make a Iriangle with its longest side equal to 
the chord or span of the arch and its height equal to 
one-half the rise, 

2nd. Slick a nail at ^ and at C, place the triangle as 
in the diagram and move it round against the nails to- 
ward ji, a pencil kept at the apex of the triangle will 
describe one-half of the curve. 

3rd, Stick another nail at B, and with the triangle 
moving against C and B, describe the other half of the 
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Problem 35. Fi&. 2. 



2b tktcrUe ihe same Owrve with strips (^ wooijjwm' 

ing a Triangle. 

1st Drive a nail at A and another at JB, place one 
strip agaiastvf and bring it up to the centre of the 
crown at C. 

2nd. Place another strip against B and crossing the 
first at C, nail them together at the intersection, and 
nail a brace across to keep them in position. 

3rd. With the pencil at C and the triangle formed by 
the strips kept against Jl and B, describe the curre 
from C toward A^ and from C toward B. 



^^^>^>^>^>^^*0^0^0^^0^^0^>^f^^0*^>^t0^^*^i0i>^^ 



Problem 86. Fm. 3. 



Tq draw a Pcarabolic Curve by the intsrsection qf lines 
Jhrming Tangents to the Ourve. 

Ist. Draw C. 8 perpendicular to Jl. B, and make it 
equal to Jl. D. 

2nd. Join A. 8 and B. 8, and divide both lines into 
tiie same number of equal parts, say 8, number them as 
in the figure, draw 1. 1. — 2. 2. — 3. 3., &c., then these 
lines will be tangents to the curve; trace the curve to 
touch the centre of each of those lines between the 
pomts of intersection. 
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Problem 37. Fig. 4. 



To draw the same Curve by another method. 

Ist. Divide A. D and B. £7, into any nmsib^x oC v 
^ubI parts, and C. D and C E mlo ^ ^itsHto Tk\«t^i«t« N^ 
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2nd. Draw 1. 1.— 2. 2. &c., parallel to A. D, and 
from the points of division in A. D and B. E, draw 
lines to C The points of intersection of the respec- 
tive lines, are points in the curve. 

Note. — The curves fouiid, as !□ figa. 3 and 4, are quicker at 
the crown (han a true circular segmeni ; but, where the rise of 
the arch is not more than one-tenth of the span, the variation 
cannot be perceived. 



Problem 38. Fig. 5. 



To describe a True Segment of a Circle by Intersections. 

l8t. Draw the chords J. C and B. C, and A. and 
B. (y. perpendicular to them. 

2nd. Prolong; D. E in each direction to O. ff; di- 
vide 0. C, a O, A. I), A. 6, B. 6, and B. E into the 
same number of equal parts. 

3rd. Join the points 1, 1. — 2. 2. Sx., in A. B and 

0. a. 

4th. From the divisions in A. D, and B. E, draw- 
lines to C. The points of intersection of these lines 
with the former, are points in the curve. A semicircle 
may be described by this method. 
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PLATE XII. 

TO DESCRIBE OVAL FIGURES COMPOSED OP 

ARCS OF CIRCLES. 
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Problem 39. Fig. L 



The length of the Oval A. B. being giveuj to describe an 

Oval upon it. 

1st. Divide ^. B the given length, into three equal 
parts, in E and F. 

2nd. With one of those parts for a radius, and the 
compasses in E and F successively, describe two cir- 
cles cutting each other in and O. 

3d. From the points of intersection in and C, 
draw lines through E and f,- cutting the circles in V. 
F', and F VJf 

4th. With one foot of the compasses in 0. and O 
successively, and with a radius equal to 0. V, or OJ 
Vy describe the arcs between F. F,' and V." F'", to 
complete the figure. 



Problem 40. Fig. 2. 



To describe the Ooalj the length A. B, and breadth C. 

D, being given, 

1st. With half the breadth for a radius, and one foot 
in F, describe the arc C. £, cutting jf . B in E, 

2nd. Divide the difference E. B between the semi- 
axes into three equal parts, and carry one of those div?- 
sions toward 4. 
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3d. Take the distance B 4, and set off on each side 
of the centre FsX H and HJ 

4th. With the radius H. U,' describe from Jf and H' 
as centres, arcs cutting each other in K and K.' 

5th. From K and K,' through H and H,' draw in- 
delinite right lines. 

6th. With the dividers in H, and the radius H. A^ 
describe the curve V. J}. V," and with the dividers in 
J/,' describe the curve V.' B. V."' 

7th. From K and K,' with a radius equal to K. C, 
describe the curves V. C. V,' and V." D. V,'" to com- 
plete the figure. 



PnoBLEM 41. Fig. 3. 

Another method for describing the Oval, the length A. 
B, and breadth C. D, being given. 

1st. Draw C. B, and from B, with half the trans- 
verse axis, B. F, cut B. C in 0. 

2nd. Bisect JB. by a perpendicular, cutting A. B 
in P, and C. D in Q. 

3rd. From F, set off the distance F. P to B, and 
the distance F. Q to S, 

4th. From S, through R and P, and from Q through 
R, draw indefinite lines. 

5th. From P and R, and from 5" and Q, describe 
the arcs, completing the figure as in the preceding 
problem. 

Note. — In all ihese diagrams, the result is nearly the iame. 
Figs. 1 and 2 are similar Cgum, although each is produced by a 
different process. The proportionB of an oval, drawn as figure 
I , must always be the same as in the diagram ; but, in figs. 2 
and 3, the proportions may be varied; but, when the difference 
in the length of the axes, exceeds one-ihird of the longer one, (he 
hare a very unsightly appearance, fta\\\et\«.Tif|6rS cos- 
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KMu» m |0D xbnipt. These figuiwe are often improperly colled 
Mpu d, and aonu^mte fiJie d^ta. Ovakere frequenlly used 

for bridges. When the arch is flal, ibe curve is described from 
more than iwo ceaires, but il is sever so gniceful as the true 
eUipsis. 



PLATE XIII. 
TO DESCRIBE THE CYCLOID AND EPICYCLOID. 



The Cycloid is a curve formed by a point in the cir- 
camference of a circle, revolving on a level line; this 
ctirve is described by any point in the wheel of a car- 
riBge when rolling on the ground. 



Problem 42. Fig. 1. 



To find any tiwmbvr of Points in the Cycloid Curve by 
the intersection of lines. 

1st. Let G. H be the edge of a straight ruler, and 
C the centre of the generating circle. 

2nd. Through C draw the diameter ^. B perpen- 
dicular to G. H, and E. F parallel to G. H; then A. B 
is the height of tlie curve, and E. F is the place of the 
centre of the generating circle at every point of its pro- 
gress. 

3rd. Divide the Bemicircumference from B io Jl into 
any number of equal parts, say 8, and from ^ draw 
chords to the points of division. 

4th. From C, with a space in the dividers equal to 
one of the divisions on the circle, step off on each side 
the same number of spaces as the semicircumference is 
divided into, and through the points draw perpendicu- 
lars to G. H: niunber them as in the dw^;tanv. 
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5lh. From the points of division in E. F, wit 
radius of the generating circle, describe indelinitt 
as shewn by the dotted lines. 

6th, Take the chord v3 1 in the dividers, and 
the foot at I and 1 on the line G. H, cut the inde 
arcs described from 1 and 1 respectively at D an 
tlien D and jy are points in the curve. 

7th. With the chord ^ 2, from 2 and 2 in G. i 
the indefinite arcs in / and J' with the chord 
from 3 and 3, cut the arcs in K and K' and appl 
other chords in the same manner, cutting the ai 
L. M, &.C. 

8th. Through the points so found trace the cur 

Note. — Each of the iadefiDite arcs in ihe diagram repi 
the circle w (hat poini of its revoloiion, and the poiniB D, 
&e., ihe position of the generating point B at each place, 
curve is frequently used for the arches of bridges, its propt 
are always constant, viz: the span is equal to the circuinf 
of the generating circle and tlie rise equal to lis diametra'. 
etoidal arches are frequently conslructed which are not tr 
cloids, but approach Ihal curve in a greater or less degree. 



Figure 2. — The Epicycloid. 

This curve is formed by the revolution of a 
around a circle, either within or without its circu 
ence, and described by a point B in the circumfe 
of the revolving circle. P is the centre of the re 
ing circle, and Q of the stationary circle. 



To find Points in the Curve. 
1st. Draw the diameter 8. 8, and from Q the c 
draw Q. B at right angles to 8. 8. 
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2nd. With ■ the distance Q. P from Q, describe an 
arc O. representing the position of the centre P 
throughout its entire progress. 

3rd. Divide the semicircle B, D and the quadrants 
D. 8 into the same number of equal parts, draw chords 
from D to 1, 2, 3, &c., and from Q draw lines through 
the divisions in D. 8 to intersect the curve 0. in 1, 
2, 3, &c. 

4th. With the radius of P from 1, 2, 3, &c., in 0. 
describe indefinite arcs, apply the chords D 1, JD 2, 
&c., from 1, 2, 3, &c., in the circumference of Q, cut- 
ting the indefinite arcs in ^. C E. f, &c., which are 
points in the curve. 



DEFINITIONS OF SOLIDS. 
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On refering back to our definitions, we find that a 
point has position without magnitude. 

A Line has length, without breadth or thickness, 
consequently has but one dimension. 

A Surface has length and breadth, without thickness, 
consequently has two dimension^, which, multiplied 
together, give the content of its surface. 

A Solid has length, breadth and thickness. These 
three dimensions multiplied together, give its solid con- 
tent. 

Lineal Measure^ is the measure of lines. 

Superficial or Square Measure^, the measure of 
Surfaces. 

Cubic Measure J is the measure of solids. 

For Example, — If we take a cube whose edge mea« 
9ures two feet, then two feet is the lineal dimension of 
that line. If the edge is two feet \oti^, ^^ ^'iXYA\v\\v% 
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edge is also two feet long, tiien, two feet flialtiplied by 
two, gives four feet, which is the superficial content et 
a face of the cube. 

Then, if we maltiply the square or superficial con- 
tent, by two feet, which is the thickaess of the cube, it 
will give eight feet, which is its solid content. 

Then, two lineal feet is the length of the edge. 
^^ four square ^^ the surface of one side. 

And eight cubic ^^ the solid content of the cube. 



PLATE XIV. 



THE CUBE OR HEXAHEDRON, ITS SECTIONS 

AND SURFACE. 



m^i^i^^m^^mm0*0^0^^*^^m0^^t0^m^' 



Figure 1. 



1st. The cube is one of the regular polyhedrons, 
composed of six regular square faces, and bounded by 
twelve lines of equal length ; the opposite sides are all 
parallel to each other. 

2nd. If a cube be cut through two of its opposite 
edges, and the diagonals of the faces connecting them, 
the section will be an oblong rectangular parallelogram, 
as fig. 2. 

3rd. If a cube be cut through the diagonals of three 
adjoining faces, as in fig. 3, the section will be an equi- 
lateral triangle, whose side is equal to the diagonal of 
a face of the cube. Two such sections may be made 
in a cube by cutting it again through the other three 
diagonals, and the second section wiU be parallel to the 
first. 

4th. If a cube be cut by a plane passing through uU 
//s sides, the line of section, in each face, Vo'Vje i^otSiA 



i 



Tl'E I:E\V YORK , 

PUBLIC LIBRARY 

AbTOr, LFNOX 
TILDTN FOUNDATIONS 



f tUITK XIT. 53 

with the diagonal, and midway between the diagonal 
and the corner of the face, as tti fig. 4, the section will 
regular hexagon, and will be parallel with, and 
exactly midway between the triangular sections de- 
fined in the last paragraph. 

6th. If a cube be cut by any other plane passing 
througb all its sides, the section will be an irregular 
hexagon. 

6th. The surface of the cube fig. I, is shewn at fig. 
6, and if a piece of pasteboard be cut out, of that form, 
and cut half through in the lines crossing the figure, 
then folded together, it wiil form the regular solid. All 
the other solids may be made of pasteboard, in the 
same manner, if cut in the shape shewn in the cover- 
ings of the diagrams in the following plates. 

msure of the surface of a cube is six 
times the square of one of its sides. Thus, if the side 
of a cube be one foot, the surfnce of one side will be 
one square foot, and its whole surface would be six 
square feet. 

Its solidity would be one cubic foot, 

PIoTB. — The cube may also, in general, be called aprimi, an J 

paraUehpiptdon, »s it answers the deacriptioD given of thoss 

xlie*, but the leiins ire seldom applied lo il. 



PLATE XV, 

SOLIDS AND THEIR COVERINGS. 



Fig. 1. Is a solid, bounded by six rectangular faces, 
each opposite pair being parallel, and equal to each 
Other; the sides are oblong paraUeiograKvs. 
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are squares. It is called a right squabc prism, pak- 

ALLEI,OPIPED, or PARAI-LELOPIPEDON. 

Fig. 2, Is its covering stretched out. 

Fig, 3. Is a triangular prism; its sides are rectao'- 
gles, and its ends equal triangles. 

Fig. 4. Is its covering. 

Pbibms derive their names from the shape of their 
ends, and the angles of their faces, thus : Fig. 1 is a 
square ptism, and fig. 2 a triangular prism. If the 
ends were pentagons, the prism would he pentagonal ; 
if the ends were hexagons, the prism would be hexa- 
gonal, ^r. The sides of all regular prisms are equal 
rectangular parallelograms. 

Fi6. 5. Is a SQOABE PYRAMID, bounded by a square 
at its base, and four regular triangles, as shewn at fig. 6. 

Pyramids, like prisms, derive their names from the 
shape of tlieir bases; thus we may have a square pyra- 
mid, as in fig. 4, or a triangular, pentagonal, or hexa- 
gonal pyramid, &c., as the base is a triangle, pentagon, 
hexagon, or any other figure. 

The sides of a pyramid incline together, forming a 
point at the top. This point'is called its vertex^ apex, 
or summit. 

The axis of a pyramid, is a line drawn from its sum- 
mit, to the centre of its base. The length of the axis, 
is the altitude of the jiyraraid. When the base of a 
pyramid is perpendicular to its axis, it is called a right 
pyramid; if they are not perpendicular to each other, 
the pyramid is oblique. If the top of a pyramid be cut 
off, the lower portion is said to be truncated; it is also 
called Afrustrum of a pyramid, and the upper portion 
is still a pyramid, although only a segment of the ori- 
ginal pyramid. 

4a A pyramid may be divided into several truncated 
idi-, or/rustrums, and the up\iet portion remain a 
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pyramid, as the name does not convey any idea of size, 
but a definite idea of form, viz : a solid, composed of 
an indefinite number of equal triangles, with their edges 
touching each other, forming a point at the top. 

A pyramid is said to be acute, right angled or ob- 
tuse, dependant on the form of its summit. 

An OBELISK is a pyramid whose height is very great 
compared to the breadth of the base. The top of an 
obelisk is generally truncated and cut off, so as to form 
a small pyramid, resting on ihe frustrum, which forms 
the lower part of the obelisk. 

VHien the polygon, forming the base of a pyramid, 
is irregular, the sides of the figure will be unequal, and 
the pyramid is called an irregular pyramid. 



PLATE XVI. 

SOLIDS AND THEIR COVERINGS, 
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Fig. 1. Is an hexagonal pyramid; and fig. 2 its 
covering. ^ 

Fig. 3. A right cylinder, is bounded by two uni- 
form circles, parallel to each other. The line connect- 
mg their centres, is called the axis. The sides of the 
cylinder is one uniform surface, connecting the circum- 
ferences of the circle, and every where equidistant from 
its axis. 
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Problem 44. Fig. 4. 



To find the Length of the Parallelogram A. B. C. D, 
to form the Side of the Cylinder. 

1st. Draw the ends, and divide one oi ^ckl vDNa •«k« ^ 
Dumber of equal parts, say twelve. 
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2nd, With the apace of one of these parts, step off 
the same number on A. B, which will give the breadth 
of the covering to bend around the circles. 

Fig. 5. Ib a right cone ; its base is a circle, its 
sides sloping equally from the base to its summit, A 
line drawn from its summit to the centre of the base, is 
called its axis. If the axis and base are not perpen- 
dicular to each other, it forms an oblique, or scalene cone. 



PaoBLEH 45. Fio. 6. 

To draw the Covering. 

Ist. With a radius equal to the sloping height of the 
cone, from E, describe an indefinite arc, and draw the 
radius E. F. 

2nd. Draw the circle of the base, and divide its cir- 
cumference into any number of equal parts, say twelve. 

3rd. With one of those parts in the dividers, step 
off from F the same number of times to G, then draw 
the radius E. G, to complete the figure. 



PLATE XVII. 
COVERINGS OF SOLIDS. 



Fig. 1. The Sphgbe 

Is a solid figure presenting a circular appearance 
when viewed in any direction ; its surface is every 
where equidistant from a point within, called its centre. 

1st. It may be formed by the revolution of a semi- 
cjjv/e arotiiid its chord. 
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2iid. The chord around which it revolves is called 
the axisy the ends of the axis are called poles. 

3rd. Any line passing through the centre of a sphere 
to opposite points, is called a diameter, 

4th. Every section of a sphere cut by a plane must 
be a circle, if the section pass through the centre, its 
section will be a greai circle of the sphere ; any other 
section gives a lesser circle. 

5th. When a sphere is cut into two equal parts by a 
plane passing through its centre, each part is called a 
hemisphere ; any part of a sphere less than a hemisphere 
is called a segment ; this term may be applied to the 
larger portion as well as to the smaller. 

Problem 46. Fig. 2. 



To draw the Covering of the Sphere. 

1st. Divide the circumference into twelve equal parts. 

2nd. Step off on the line ./?. B the same number of 
equal parts, and with a radius of nine of those parts, 
describe arcs through the points in each direction; 
these arcs will intersect each other in the lines C. D 
and £. F^ and form the covering of the sphere. 



Figure 3 



Is the surface of a regular Tetrahedron, it 
bounded by four equal equilateral triangles. 



t^^f^0^f^'^0^>^r^r^0^'s^^'*^^0^f^^^^0^^^^^^'*^^m^ 



Figure 4. 



The regular Octahedron is bounded by ei^t equal 
equilateral tiiungles. 



PLATE XVII. 



The DouecAHEDHoH is bounded by twelve equal 
pentagons. 



FicuaE 6. 



The IcoSAHEDRON is bounded by twenty equal equi- 
lateral triangles. 

The four last figures, together with tLe hexahedron 
delineated on Plate 14, are all tlie regular polyhedrons- 
All the faces and all the solid angles of each figure are 
respectively equal. These solids are called platouic 
figures. 



PLATE XVIII. 
THE CYLINDER AND ITS SECTIONS. 



1st. If we suppose the right angled paralielogram 
A. B. C. Dy fig. 1, to revolve around the side A. B, it 
would describe a solid figure ; the sides A. D and B. 
C would describe two circles whose diameters would 
be equal to twice the length of the revolving sides; the 
side C. XJ would describe a uniform surface connecting 
the opposite circles together throughout their whole 
circumference. The solid so described would be a 

EIGHT CYLINDER. 

2nd. The line A. B, around which the parallelogram 
revolved, is called the axis of the cylinder, and as it 
connects the centres of ihe circles forming the ends of 
die cyiinder, it is every where equidistant from its sides. 



THE cniSDERAND SECTIONS . 
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3rd. If the ends of a cylinder be not at right angles 
1:0 its axis, it is called an oblique cylinder. 

4th. If a cylinder be cut by any plane parallel to its 
axis, the section will be a parallelogram, as E. F. G. 

-H, fig. 1. 

5th. If a cylinder be cut by any plane at right angles 
to its axis, the section will be a circle. 

6th. If a cylinder be cut by any plane not at right 
singles to its axis, passing through its opposite sides, 
SIS at iT. If or M. JV, £g. 2, the section will be ah el- 
x«ipsis, of which the line of section K. £ or Jtf. JV 
^would be the longest diameter, called the transverse 
or MAJOR diameter, and the diameter of the cylinder 
a. D would be the shortest diameter, called the con- 
jugate or minor diameter. 
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Problem 47. Fig. 3. 



7o describe an Ellipsis from the Cylinder with a string 

and two pins. 

1st. Draw the right lines JV. M and C D at right 
angles to each other, cutting each other in S. 

2nd; Take in your dividers the distance P. M or P. 
JV, fig. 2, and set it off from S to M and JV, fig. 3, 
"which will make M. JV equal to M. JV, fig. 2. 

3rd. From ^, fig. 2, take •/?. D or ./?. C, and set it 
off from S to C and D, making C D equal to the di- 
ameter of the cylinder. 
4th. With a distance equal to S. M or S. JV from 
I the points D and C, cut the transverse diameter in E 
I and jP; then E and jP are the foci for drawing the 

sis. 
/ Note. — E is a rocus^ and F is a focvs. £ «xi!\ 'F wtfe y^^\« 
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Sifa. In the foci, stick two pins, then pass a string 
around them, and tie the ends together at C. 

6th. Place the point of a pencil at C, and keeping 
the string tight, pass it around and describe the curve. 

Not*. — The aom of all lines drawn from ihe foci, to any pmM 
in ibe curre, is always mnslmt ind equal to the major axis : 
thiu, the length o( the lines £. B, and F. R, added leather, it 
equal to the length of E. C, and F. C. added together, or to two 
lines drawn from E and F, to any other point in the curve. 

7th. Fig. 4 is the section of the cylinder, through L, 
K, fig. 2, and is described in the same way as fig. 3. 
The letters of reference are the same in both diagi^ms, 
except that the transverse diameter L. K, is made 
equal to the line of section L. K, in fig. 2. 

8th. The line JV. M, fig. 3, or L. K, fig. 4, U called 
the TRANSVERSE, or MAJOR -AXIS, (plural AXES,) and 
the line C jO, its conjl'g.^te, or minor axis. They 
are also called the transverse and conjugate diameters, 
as above defined. The transverse axis is the longest 
line that can be drawn in an ellipsis. 

9th. Any line passing through the centre S, of an 
ellipsis, and meeting the curye at both extremities, is 
called a diameter: every diameter divides the ellipsis 
into two equal parts. The conjugate of any diame- 
ter, is a line drawn through the centre, terminated by 
the curse, parallel to a tangent of the curve at the ver- 
tex of the said diameter. The point where the diame- 
ter meets the curve, is the vertex of that diameter. 

10th. An ORDINATE to any diameter, is a line drawn 
parallel to its conjugate, and terminated by the curve 
and the said diameter. An abscissa is that portion 
of a diameter intercepted between its vertex and ordi- 
nate. Unless otherwise expressed, ordinates are in 
general, referred to the axis, and lalien as perpendicular 
to it. Thus, in fig. 4, X. Y is the ordinate to, and L. 
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Xand K. X, ihe Bbscissse of the axis if. L- — V. W is 
Ibe ordinate to, and C. V, and S. V, the abscissffi of 
the axis C. D. 



PLATE XIS. 
THE CONE AND ITS SECTIONS. 
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1st, A CONE is a solid, generated by the revolution 
of a right angled triangle about one of its sides. 

2nd, If both legs of the triangle are equal, as iS. JV 
and A". 0, fig. 2, it would generate a right angled 
Cone ; the angle S being a right angle. 

3rd. If the stationary aide of the triangle be longest, 
as JV. JV, the cone will be acdte, and if shortest, as- 
T. JVf it will be obtuse angled. 

4th, The base of a cone is a circle, from which the 
sides slope regularly to a point, which is called its 

TEHTEX, APEX, Or SUMMIT. 

5th. The AXIS of a cone, is a line passing from the 
vertex to the centre of the base, as JH. JV, figs. 1, 2, 
3 and 4, and represents the line about which the tri- 
angle is supposed to rotata. 

6tb. A EiQHT CONE. When the axis of a cone is 
perpendicular to its base, it is called a right cone ; if 
they are not perpendicular to each other, it is called an 

OBr.lQIJE COSE. 

7th. If a cone be cut by a plane passing through its 
vertex to the centre of its base, the section will be a 

TBIASGLE. 
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8th. If cut by a plane, pnntllel to its base, the sec- 
tion will be a circle, as at E. F, fig. 1. 

9th. If the upper part of fig. 1 should be taken 
away, as at E. F, the lower part would be a xHrncA- 
TED CONE, or FEUSTRUM, the part above E. F, would 
still be a cone ; and, if another portion of the top were 
cut off from it, another truncated cone would be form- 
ed : thus a cone may be divided into several truncated 
cones, and the portion taken from the summit, would 
still remain a cone. Similar remarks have already 
been applied to the pyramid. 

10th, If a cone be cut by any plane passing through 
its opposite sides, as at .M. B, fig. 3, the section will 
be an ellipsis. 

Hth. If a cone be cut by a plane, parallel with one 
of its sides, as at P. Q., R. S, or R.' S.' tig. 4, the 
section will be a parabola. 

l2th. If a cone be cut by a plane, which, if con- 
tinued, would meet the opposite cone, as through C, 
D, fig. 4, meeting the opposite cone at 0, the section 
will be an hvpcrbola. 



Problem 48. Tia. 3. 
To describe the Ellipsis from the Cone. 

1st. Let fig. 3 represent the elevation of a right cone, 
and Jl, B the line of section. 

2nd. Bisect ^. B in C. 

3rd. Through C, draw E. F perpendicular to the 
axis M. JV, cutting the axis in P. 

4th. With one foot of the dividers in P, and a radius 
equal to P. E, or P. F, describe the arc E. D. F. 

&th. From C, the centre of the hne of section Ji. B, 
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draw C, D parallel to the axis, cutting the arc E. D, F, 
in JD. 

6th. Then Jl. B is the transverse axisy and C D Us 
semiconjugate of an ellipsis^ which may be described 
with a string, as explained for the section of the cylin- 
der, or by any of the other methods to be hereafter de- 
scribed. 

Note. — ^A section of the cylinder, as well as of a cone, passing 
thropgh its opposite sides^ is always an ellipsis. In the cone, 
the length of both axes vary with every section, but in the cylin- 
der, the conjugate axis is always equal to the diameter of the 
cylinder, whatever may be the inclination of the line of section. 
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Problem 49. Fio. 4. 



To find the length of the base line for describing the 

other sections. 

1st. With one foot of the dividers m JV*, and a ra- 
dius equal to JV. T, or JV*. F, describe a semicircle, 
equal to half the base of the cone. 

2nd. From C and P, the points where the sections 
intersect the base, draw P. ^, and C. jB, cutting the 
semicircle in Jl and B, Then Jl. P is one-half the 
base of the parabola^ and C jB is one-half the base of 
the hyperbola. The methods for describing these curves, 
are shewn in Plates 20 and 21. 
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PLATE XX 

TO DESCRIBE THE ELLIPSIS AND HYPERBOLA. 



Problem 50. Fig. 1. 

To jind Pomts in the Curve of an Ellipsis by In- 
ter secHitg Lines. 

Let ^,B,*be the given transverse axis, and C. D, the 
conjugate. 

Ist. Describe the parallelogram L. M. JVt O, Ae 
boundaries passing through the ends of Ihe axes. 

2nd. Divide ^- L,—Jl. A*,— B. JV/,— and B. 0, into 
any number of equal parts, say 4, and number them as 
in the diagram. 

3rd. Divide ^. S, and B. S, also into 4 equal parts, 
and auuiber them from the ends toward the centre. 

4th. From th« divisions in ^. L aiid B. M, draw 
lines to one end of the conjugate axis at C; and, from 
the divisions in B, and ^. JV, draw lines to the frthec 
end at D. 

5th. From D, through the points I, 2, 3, in ^. S, 
draw hnes to intersect the lines 1, 2, 3 drawn from Ihe 
divisions on M. L, and in like manner through B. S, 
to intersect the lines from B. M. These points of in- 
tersection are points in the curve, 

6th. From C, through tlie divisions 1, 2, 3, on S. A 
and S. B, draw lines to intersect the lines 1,2,3 drawn 
from A. JV and B. 0, which will give the points for 

•wing the other half of the cvitve. 
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7th. Through the points of intersection, trace the 
curve. 

N*TB.->-If it^nk^ Oft a sndaB Mftk, the eorve doi be tewn 
by hand ; but, if required on a krge scaWj^for practical puvposaiv 
it is best 16 drive sprigs at the points of intersection, and bend a 
thin flexible strip of pine around them, for the purpose of tracing 
the ciorrte; Ady dumber of pohits may be ibund by dividiiig the 
lines into the reqai^ife numbor of partSb 



^^^'^^^^»0^^^^I0^^*0^0^^'^I^^^^0^^^>^^ 



FlOURE 4. 



Is a semi-ellipsis, drawn on the conjugate axis by 
the same method, in which ^, B '^ the transverse, and 
C D the conjugate axis. 

Note. — ^This method will apply to an eHip/sis of any length or 
breadth. 

Problem 51. Fio. 2. 



To draw an Ellipsis vriih a Trammel. 

The TRAMMEL shewn in the diagram is com']posed of 
two pieces of wood halfened together at right angles to 
each other, with a groove running throu^ the ceiitre 
of each, the groove being wider at the bottom than at 
the top. /. K. L is another strip of wood with a point 
at J, or with a hole for inserting a pencil at /, and two 
sliding buttons at K and L ; the buttons are generally 
attached to small morticed blocks sliding over the strip, 
with wedges or screws for securing them in the proper 
place ; (the pins are only shewn in the diagram,) the 
buttons attached to the pins are made \o ^\\ii^it^^>I vcl\ 

I - ■ ■ - ■ — ..»_^— — 1— 



Ctt PLATE XX. 

Mode of Setting the Trammel. 

1st. Make the distance /, K equal to the semi-con- 
jugate axis, and the distance from I to L equal to the 
semi-transverse axis. 

Sod. Set the grooved strips to coincide with the 
axes of the ellipsis, and secure them there, 

3rd. Move the point I around and it will trace &e 
curve correctly. 

Note.— This is a vety useful instrument, and was formerfjr 
used very frequently by carpenters to lay off their work, and also 
by plasterers to run their mouldings around elliptical arches, Slc., 
the mould occupying the posiljou of the point /. It was rare 
iken to Rod a carpenter's shop without a trammel or to find n 
good workman wno was not skilled in the use of it; butsince 
Grecian architecture with its horizontal lintels has taken the place 
of the arch, it is lieldom a trammel is required, and when required, 
much more rare to find one to use; but as it is sometimes wanted, 
and few of our young mechanics know how lo apply it, at the 
risk of being thought tedious, we have been thus miauie in its 
description. 



Problem 52. Fig. 3. 



To describe the Hyperbola from the Cone, 

Ist. Draw the line A. C. B and make C. B and C. 
A each equal to C. B, fig, 4, plate xix, then ^. £ will 

be equal to the base of the hyperbola. 

2nd. Perpendicular to Jl. B, draw Jl. E and B. /", 
and make Ihein equal to C. D, fig. 4, pl»te xix. 

3ril. Join E. F, IVoni C erect a perpendicular C. D. 
0, and make C. equal to C. 0, lig. 4. plate xix. 

4lh. Divide JI. E and B. F each into any number 
of equal parts, say 4, and divide B. C and C. A intt> 
the same nmoher, and number l\\em as \n \W dva^cam. 
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5th. From the points of division on Jl. E and B. 
F, draw lines to D. 

6th. From the points of division in Jl. Bj draw lines 
toward 0, and the points where they intersect the other 
lines with the same numbers will be points in the curve. 
The curve ^. D. B is the section of the cone through 
the line C D, fig. 4, plate xix. 



PLATE XXI. 

PARABOLA AND ITS APPLICATION. 
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Problem 53. Fig. 1. 



To desaibe the Parabola by Tangents. 

1st. Draw ^. P. jB, make Jl. P and P. B each equal 
to Jl. P, fig. 4, plate xix. 

2nd. From P draw P. Q. R perpendicular to Jl. B, 
and make P. R equal to twice the height of P. Q, fig. 
4, plate xix. 

3rd. Draw Jl. R and B. Rj and divide them each 
into the same number of equal parts, say eight ; num- 
ber one side from A to R^ and the other side from R 
to B. 

4th. Join the points 1. 1. — 2. 2. — 3. 3, &c.; the 
lines so drawn will be tangents to the curve, which 
should be traced to touch midway between the points 
of intersection. 

The curve Jl. Q. £ is a section of the cone through 
P. Q, fig. 4, plate xix. 



r 
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Problem 54. Fic 2. 
To describe the Parabola 6y another method. 

Let ^ £ be the width, of the bue aad P. Qtbe 
height of the curve. 

1st. Construct the paraUdogram ^. B- C. D. 

2nd. Divide ^. C and Ji. P—-P. B and B. D re- 
spectively into a similarnumberof equal parts; number 
them as in the diagram. 

3rd. From the points of division in ^. C and B, D, 
draw lines to Q. 

4th. From the points of division on Ji. B erect per- 
pendiculars to intersect the other lines ; the points of 
intersection are points in the curve. 



Problem 55. Fig. 3. 



To dtscribe a Parabola by continued motion, toith t 
Ruler, String and Square. 

Let (7. D be the widUi of flie curve and H. /the 
height. 

Ist. Bisect H. D in K, draw J. A" and K. E perpen- 
dicular to J. K, cutting J. H extended in E. Then 
take the distance H. E and set it off from J to F, then 
F is the focus. 

2nd. At any convenient distance above /, fasten » 
ruler A. B, parallel, to the base of the parabola C. D' 

3rd. Place a square S, with one side against the: 
edge of the ruler, Jl. B, the edge 0. JV of the square 
to coincide with the line E. J. 

4th. Tie one end of a string to a pin stuck in th^ 
Rjcus at F, place your penciV at J, ^^laa "Jut sUvn^ 
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around it, and luing it domi to JIT, 4h£ end of the 
jqmre, and &sleii it there. 

6t)b WiHi the peoeil at J, aginiiitt the aide of the 
square, and the string loept tight, ali<ie the a^oare along 
fte edge ^f the nder towards Jl ; Ae pencil being kept 
against the edge of the square, with the atriokg stretched, 
will de;seribe one half of the parabola, /. C 

6th. Tum the square o^er, and draw the other half 
in the -aaine manser:. 

DETnrmoNS. 



1st. The FOCUS of a paraboki is the point F, about 
which the string revolves. The edge of the ruler A. 
jB, is live directrix of the parabola. 

2nd. The axib is the lise J. H, passing through the 
focus, and perpendicular to the base C D. 

3rd. The prineipsd ve&tex, is the point J, where 
the top of the axis meets the curve. 

4th. The PARiMETjcB, is a line passing through the 
focus, parallel to the base, terminated at each end by 
the curve. 

5th. Any line, parallel to the axis, and terminating 
in the curve, is called a diameter, and the point where 
it meets the curve, is called the vertex of that diameter. 
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PaoBLEM 56. Fig. 4. 



To apply the Parabola to ike construction of Gothic 

Arches. 

.1st. Draw A. Bj wbA make it equal to the width of 
the arch at the base. 

i^nd. Bisect jS. B in ]S^ dravr £. F ^t^^ikdvcular to 
f^M, BBd maike JE. J" equal to. the b^i^X. oi\!Ki't %t^A 
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3rd. Conslruct ilje paraUelogram .'?. B. C. D. 

4th. Divide E. F inlo any nuxubei of equiil parts, 
and D. F and /'. C each inlo a. similar number, and 
number them as in the diagram. 

5th. From the divisions on F, D, draw lines to A, 
and from the divisions on F. C, draw lines to B. 

6th. Through the divisions on E. F, draw hnes pa^ 
allel (0 the base, to intersect the other lines drawn from 
the same numbers on D. C. The points of intersection 
are points in the curve through which it may be traced. 

Note. — If we suppose ihis diagram to be cut through the line 
£. F, and lumed around uotil E. A and E. B coincide, ii will 
form a parabola, drawn by tht> same method as fig. 2; and, if ire 
were to cut fig, 2 by the line P. Q, and lum it around umil P. 
A and P. B coincide, it would form a gothic arch, described by 
the same method as Gg. 4 ; and, if the proportions of tlie two 
figures were the same, the curves would exactly coincide. 
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Problem 57. Fig. 1. 
To draw the Boards for covering Circular Domes. 

To lay the boards vertically. Let.^. D. Che half 
the plan of the dome; let JD. C represent one of the 
ribs, and E. Fxhe width of one of the boards. 

1st. Draw D. 0, and continue the line indefinitely 
toward H, 

2nd. Divide the rib D. C into any number of equal 
parts, and from tlie points of division, draw UneS 
parallel to ^. C, meeting D. in I, 2, 3, kc. 

3rd. With an opening of the dividers equal to on? 
of the divisions on D, C, step off ^ronv 1) Vo-wmA H, 
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the same number of parts as 2). C is divided into, 
making the right line 2). Hy nearly equal to the curve 
B.C. 

4th. Join E. O and F. O. 

5th. Make 1. c — 2. d — 3. e — 4. y and 5 gy on each 
side of JD. if, equal to 1. c — 2. d — 3. e, &c. on JD. 0. 

6th. Through the points c. d. e./'.gy trace the curve, 
which will be an arc of a circle ; and if a series of 
boards made in the same manner, be laid on the dome, 
the edges will coincide. 

Note. — ^In practice where much accuracy is required, the rib 
should be divided into at least twelve parts. 
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Problem 58. Fig. 2. 



To lay the boards Horizontally, 

Let A, B. C be the vertical section of a dome 
through its axis. 

1st. Bisect A. C in D, and draw D. P perpendicu- 
lar to ^. C. 

2nd. Divide the arc •/?. B into such a number of 
equal parts, that each division may be less than the 
breadth of a board. (If we suppose the boards to be 
used, to be of a given length, each division should be 
made so that the curves struck on the hollow side 
should touch the ends, and the curves on the convex 
side should touch the centre.) 

3rd. From the points of division, draw lines parallel 
to .4. C to meet the opposite side of the section. Then 
if we suppose the curves intercepted by these lines to 
be straight lines, (and the difference will be small,) 
each space would be the frustrum of a cone^ whos^^ I 
▼ertcx wouJd be in the line D. P, and \!d^ NeT\«x. ^1 ^ 
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Mth fnislraiD wouU be the centre from which to de- 
pcftbe the «t»nraHire of the edges of the board to )k it 

4lh. From 1 draw a line through the point 2, to 
meet the line D. P in E ; then from E, with a radius 
e<p»Bl to E. 1, describe the curve 1. L, which wiH give 
the tower edge of the board, and with a radius equal 
to E. S, describe the arc 2. K, which will give the 
upper edge. The line L. K drawn to E, will give the 
cut for Ae end of a board which will fit the end of any 
other board cut to the same angle. 

5th. From 2 draw a line through 3, meeting D. P in 

F. Fmm 3, draw a line through 4, meeting U. Pin 

G, and proceed for each board, as in paragraph 4. 
6th. If from C we draw a line through M, and con- 
tinue it upward, it would require to be drawn a very 
great distance before it would meet D. P; the centre 
would coiisequenlly be inconveniently distant. 

For the bottom board, proceed as follows: 

1st. Join A. M, cutting D. P in JV, and join JV: 1. 

2nd. Describe a curve, by the methods in Problems 

34 or 35, Plate 11, ihrough 1. JV. Jtf, which will give 

the centre of the board, from which the width on either 

side may be traced. 



PLATE XXIII. 
CONSTRUCTION OF ARCHES 



Arches in architecture are composed of a number of 
stones arranged symmetrically over an opening inlend- 
ed for a door, window, &c., for the purpose of support- 
ing a superincumbent weight. The depth of the stones 
are made to vary to suit each partictdar case, being 
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made deeper in proportion as the width of an opening 
becomes larger, or as the load to be siipported is in- 
creased ; the size of the stones also depends much on 
the quality of the materia] of which they are composed ; 
if formed of soft sandstone they will require to be much 
deeper than if formed of granite or some other hard 
strong stone. 



Definitions. Fig. 2. 

1st. The SPAN of anarch is the distance between the 
points of support, which is generally the width of the 
opening to be covered, as A. B. These points are 
called the springing points ; the mass against which the 
arch rests is called the abutment. 

2nd. The rise, height or versed sine of an arch, 

the distance from C to D. 

3rd. The springing line of an arch is the line A. 
B, being a horizontal line drawn across the tops of the 
support where the arch commences. 

4th. The crown of an arch is the highest point, as D. 

5th. VoussoiRB is the name given to the stones 
forming the arch. 

' h. The KEYSTONE is the centre or uppermost 
voussoir D, so called, because it is the last stone set, 
and wedges or Leys the whole together. Keystones 
are frequently allowed to project from the face of the 
vatl, and in some buildings are very elaborately sculp- 
tured. 

7th. The intrados or soffit of an arch is the 
under side of the voussoirs forming the curve. 

8th. The EXTRADOS or BACK is the upperside of the 
voussoirs. 

9th, The thbdst of an arch is tVie \i;T\ieTv*i"j -wViffitv 
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all arches have to descend in tlie middle, and to oiet- 
turn or t/imst asunder the points of support. 

Note.- —The amount of the rhrusl of an arch depends on the 
proportions between the rise and the span, that ia to say, the 171m 
and wtight U> be supported being definite; the thiual will be di- 
minished in proportion as the rise of the arch is increased, and 
the thrusi will be increased in proportion aa the crown of the 
arch is lowered. 

10th. The JOINTS of an arch are the lines formed by 
the adjoining faces of the voussoirs; these should gen- 
erally radiate to some definite point, and each should 
be perpendicular to a tangent to the curve at each joint. 
In all curves composed of arcs of circles, a tangent to 
the curve at any point would be perpendicular to a ra- 
dius drawn from the centre of the circle through that 
point, consequently the joints in all such arches should 
radiate to the centre of the circle of which the curve 
forms a part. 

11th. The BED of an arch is the top of the abut- 
ment; the shape of the bed depends on the quality of 
the curve, and will be explained in the diagrams. 

12th. A RAMPANT ARCH IS one in which the spring- 
ing points are not in the same level. 

13th, A STRAIGHT ARCH, or as it is more propwiy 
called, a plat band, is formed of a row of wedge- 
shaped atones of equal depth placed in a horizontal line, 
the upper ends of the stones being broader than the 
lower, prevents them from falling into the void below. 

14th, Arches are named from the shape of the curve 
of the under side, and are either simple or complex. I 
would define simple curves to be those that are struck 
fiwm one centre, as any segment of a circle, or by con- 
tinued motion, as the ellipsis, parabola, hyperbola, cy- 
cloid and epicycloid; and complex arches to be those 
described from two or more fixed centres, as many of 
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lie (jothic or pointed arches. The simple curves have 
ill been described in our problems of practical Qeome- 
sy ; we shall however repeat some of them for the pur- 
pose of shewing the method of drawing the joints. 
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Probj[.em 69. Fig. 1. 



To describe a Segment or Scheme Archy arid to draw the 

Joints. 

1st. Let E and F be the abutments, and O the 
sentre for describing the curve. 

2nd. With one foot of the divider^ in 0, and thf 
distance O. F^ describe the line of the intrados. 

3rd. Set off the depth of the voussoirs, and with the 
dividers at O, describe the line of the extrados. 

4th. From E and jP draw lines radiating to 0, which 
gives the line of the beds of the arch. This line is often 
called by masons a skew-hack. 

5th. Divide the intrados or extrados, into as many 
parts as you design to have stones in the arch, and nir 
diate all the lines to 0, which will give the proper di* 
rection of the jotr*^*. 

6th. If the point should be at too great distance 
to strike the curve conveniently, it may be struck by 
Problem 34 or 35, Plate 11; and the joints may be 
found as follows : Let it be desired to draw a joint at 
2, on the line of the extrados ; from 2 set off any dis- 
tance on either side, as at 1 and 3 ; and from 1 and 3, 
with any radius, draw two arcs intersecting each other 
at 4 — then from 4 through 2 draw the joint which will 
be perpendicular to a tangent, touching the curve at 2. 
This process must be repeated for each joint. The 
keystone projects a little above and below the lines of 
the arch. 
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Pkob. 60. Fig. 2. — The Semicirculah Abch. 

This requires but little explanation. Ji. B is the 
span and Cthe centre, Irom which the curves arestruek, 
and to which the lines of all the joints radiate. The 
centre C being in the springing line of the arch the beds 
are horizontal. 



PsoB. 61, Fig. 3. — The Horse-shoe Ahch. 

Is an arc of a circle greater tlian a Bemicircle, the 
centre Obeing.above the springing line. 

This arch is also called the Saracenic or Moresco 
arch, because of its frequent use in these styles of arch- 
itecture. The joints radiate to the centre, as in fig, 2. 
The joint at 5, below the horizontal line, also radiates 
to 0. This may do very well for a mere ornamental 
arch, that has no weight to sustain : but if, as in the 
diagram, the Rrst stone rests on a horizontal bed, it 
would be larger on the inside than on the outside, and 
would be liable to be forced out of its position by a 
slight pressure, much more so than if the joint were 
made horizontal, as at 6. These remarks will also 
apply to fig. 4, Plate 24. 



Problem 62. Fig. 4. 

To describe an Ogee Jirch, or an Arch of Contrary 
Flexure. 

Note. — This arch is seldom used over a lat^e opening, bul 
<KCb<D frequently in eajmpia and tracery in Golhic architecture, 
the rib nf the arch being moulded. 

1st. Let A. B be the outside width of the arch, and 
C. D the heiHit. and let A. E be the breadth of the rib. 
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3nd. Bisect .3. B in C, and erect the perpendicular 
C. D; bisect A C in J', and draw J". J parallel to 
C. D. 

3rd. Through B draw /. K parallel to ^. B, and 
make D. iT equal to D. J. 

4lh. From F set off f . G, equal to .^. E the breadth 
of the rib, and raake C. H equal to C. G. 

5th. Join G. J and H. ff; then G and H will be the 
centres for drawing the lower portion of the arch, 
J and K will be the centres for describing the upper 
portion, and the contrary curves will meet in the lines 
G./andH. K. 



Problem 63. FiG. 5. 
To draw (lie Joints in an Elliptic Arch. 

Let ^. B be the span of the arch, C. D the rise, and 
f. F the foci, from which the line of the intrados may 
oe described. 

The voussoirs near the spring of the arch are in- 
creased in depth, aa they have to bear more strain than 
those nearer the crown ; the outer curve is also an 
ellipsis, of which H and H are the foci. 

To draw a joint in any part of the curve, say at 5. 

1st. From F and F the foci, draw lines cutting each 
other in the given point 5, and continue them out in- 
definitely. 

2nd. Bisect the angle 5 by Problem 11, Page 26, 
the line of bisection will he the line of the joint. 

The joints are found at the points 1 and 3 in the 
same manner. 

3d. If we bisect the Internal angle, as for the joints 
3 and 4, the result will be the same. 
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4th. To draw ihe corresponding joints on the oppo- 
site side of the arch, proceed as follows : — 

Blh. Prolong the line C. D inde&nitely toward fi, 
and prolong the lines of bisection 1, 3, 3, 4 and 5, to 
intersect C. E in 1, 2, 3, Su:., and from those points 
draw the corresponding joints between ^ and D. 



1 
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TO DESCRIBE GOTHIC ARCHES AND TO DHAW 
THE JOINTS. 



The most simple form of Pointed or Gothic arches 
are those composed of two arcs of circles, whose cen- 
tres are in the springing line. 



Figure 1. — The Lancet Arch. 

When the length of the span ^. B is much less than 
the length of the chord ^. C, as in the diagram, the 
centres for striking ihe curves will be some distance 
beyond the base, as shewn by the rods ', the joints all 
radiate to the opposite centres. 



Fig. 2. — The Equilateral Arch. 

When the span D. E, and the chords D. F and E. 
F form an equilateral triangle, the arch is said to be 
equilateral, and the centres are the paints D and E in 
the base of the arch, to which all the joints radiate. 
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Fig. 3. — The Depressed Arch 



Has its centres within the base of the arch, the chords 
being shorter than the span ; the joints radiate to the 
centres respectively. 

NoTs. — Ther» aie no d^nite piDportions for €k)thic arches, 
eioept for the equilattral ; they vary from the moat acute to those 
wlu»e ceatm nearly touch, and which deviate but little from a 
ttmicirde. 
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Fig. 4. — The Pointed Horse-shoe Arch. 



This diagram requires no explanation; the centres 
are above the springing line. See fig. 3, plate xxiii, 
page 76. 
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Figure 5. 



To describe the Four Centred Pointed Arch. 

1st. Let A. B be the springing line, and E. C the 
height of the arch. 

2nd. Draw B. D parallel to E. C, and make it equal 
to two-thirds of the height of E. C. 

3rd. Join 17. C, and from C draw C. L perpendicu- 
lar to C D. 

4th. Make C. G and B. F both equal to B. D. 

5th. Join 6. JP, and bisect it in if, then through H 
draw JET. L perpendicular to G. jF meeting C L in L. 

6th. Join L. F, and continue the line to JV. Then 
h and F are the centres for describing one-half of the 
arch, and the curves will meet in the line L. F. JV*. 

7th. Draw L. M parallel to A, £, make 0. M e<\v\^ 
to 0. Ly and E. K equal to E. F. TYveu K^tv^i JA^t^ 
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the centres for completing the arch, and the curves will 
meet in the line M. K. P. 

8th. The joints from P to C will radiate to M ; from 
C to JV they will radiate to L ; from JV to B they will 
radiate to F, and from P to ^ they will radiate to K. 

NoiB 1. — Aa the joint M P radiates to both the centrea £and 
JIT, anil the joint at J^t radiates boih lo F and L, the change of 
direction of the lower joints is easy and pleasing lo the eye, bo 
much HO thai we should be unconscious of the change, if the 
constructive lines were removed. 

Note 2. — When the centres for striking the two centered arch 
are in ihe springing line, as in diagrams 1 , S and 3, llie vertical 
tide of the opening joins (he curve, without forming an unpleas- 
anl angle, aa it would do if the vertical lines were continued up 
above the Ibe of (he centres; it b true that examples of this char- 
acter may be cited in Gothic buildings, but its ungraceful appear- 
ance should lead us to avoid it. 



PLATE XXV. 
OCTAGONAL PLAN AND ELEVATION. 



Fig. \. — Half the Plan. Fig. 2. — Elevation. 

This plate requires but little explanation, as the 
dotted lines from the different points of the plan, per- 
fectly elucidate the mode of drawing the elevation. 

The doited line A, shews the direction of the rays 
of light by which the shadows are projected; the mode 
of their projection will be explained in Plates 47 and 
48. 
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PLATE XXVI. 

CIRCULAR PLAN AND ELEVATION. 
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This plate shews the mode of putting circular objects 
in elevation. The dotted lines from the different points 
of the plan, determine the widths of thejamis (sides) 
of the door and windows, and the projections of the 
sills and cornice. One window is farther from the 
door than the other, for the purpose of shewing the 
different apparent widths of openings, as they are more 
or less inclined from the front of the picture. 

This, as well as Plate 25, should be drawn to a 
much larger size by the learner; he should also vary 
the position and width of the openings. As these de- 
signs are not intended for a particular purpose, any 
scale of equal parts may be used in drawing them. 



PLATE XXVII. 

ROMAN MOULDINGS. 

Roman mouldings are composed of straight lines and 
arcs of circles. 

Note. — ^Elach separate part of a moulding, and each moulding 
in an assemblage of mouldings, is called a member. 

Fig. 1. — A Fillet, Band or Listel 



Is a raised square member, with its face parallel to 
the surface on which it is placed. 



4^ 



V. 
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Fig. 2. — ^Bead. 



A moulding whose surface is a semicircle struck from 
the centre K^ 



Fio. 3. — ^ToRiTs. 

Composed of a semicircle and a fillet. Hie projee- I 
tion of the circle beyond the fillet, i» equal to the ra- 
dius of the circle, which is shewn by the dotted line 
passing through the centre L. The curved dotted line 
above the fillet, and the square dotted line below the 
circle, shew the position of those members when used 
as the base of a Doric column. 



iM»^»MMM»<MM'^»<»«»«"i<»^»»*»«MMMM«» 



Figure 4. — The Scotia 



Is composed of two quadrants of circles between 
two fillets. B is the centre for describing the large 
quadrant ; A the centre for describing the small quad- 
rant. The upper portion may be made larger or smaller 
than in the diagram, but the centre A must always be 
in the line B. Ar The scotia is rarely, if ever used 
alone ; but it forms an important member in the bases 
of columns. 
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Fio. 6. — ^The Ovolo 



/ 



Is composed of a quadrant between two fillets. C 
\ is the centre for describing the quadrant. The uppeC" 
.'fillet jarojects beyond the curve, and by its broa^B- 
shadow adds much to the effect of \\ve mo\iVd\xv^. T>a^ 
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ovolo is generally used as a bed moulding, or in some 
other position where it supports another roerober. 



Fig, 6. — The Catetto, 

Like the ovolo, is composed of a quadrant and two 
fillets. The concave quadrant is used for the cavelto 
described from D ; it is consequently the reverse of the 
ovolo. The cavetto is frequently used in connection 
with the ovolo, from which it is separated by a fillet. 
It is also used sometimes as a crown moulding of a 
cornice; the crown moulding is the uppermost member. 



Fig, 7. — The Cvma Recta 

Is composed of two arcs of circles forming a waved 
line, and two fillets. 

To describe the cyma, let / be the upper fillet and 
JV'the lower fillet, 

iBt. Bisect /. JV. in M. 

2nd. With the radius M. JV or M. I, and the foot 
of the dividers in JVand M, successively describe two 
arcs cutting each other in F, and from Jtf and / with 
Mie same radius, describe two arcs, cutting each other 
ia E. 

3rd. With the same radius from E and F, describe 
two arcs meeting each other in M. 

The proportions of this moulding may be varied at 
pleasure, by varying the projection of the upper fillet. 



'iG, 8. — The Cvma Reversa, Taloh oh Ogee, 
Like the cyma recta, it is com^&ed. ot ^:«<^ taxt^^ax 
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arcs and two fillets ; the upper fillet projects beyond 
the curve, and the lower fillet recedes within it. 

The curvts are described from G and H. 

The CYMA, or cyma kecta has the concave curve 
uppermost. 

The CYMA REVEKSA has the concave curve below. 

The cyma recta is used as the upper member of an 
assemblage of mouldings, for which it is well fitted 
from its light appearance. 

The cyma eeversa from its strong form, is like the 
ovolo, used to sustain other members. 

The dotted lines drawn at an angle of 45° to each 
moulding, shew the direction of the rays of light, from 
which the shadows are projected. 

NoTB— When the surface of a raouliiing is carved or sculptur- 
ed, it ja said to be enkiched. 



1 
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GRECIAN MOULDINGS 

Are composed of some of the curves formed by the 
sections of a cone, and are said to be elliptic, parabolic, 
or hyperbolic, taking their names from the curves of 
which they are formed. 



Figures 1 and 2. 



To draw the Grecian Echinus or Ovolo, (Ac fillets A 
and B, the tangent C. B, and the point of greatest 
projection D beiTig given. 

1st. Draw B. H, a continuation of the upper edge 
I efthe under BlleU 
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2nd. Through D, draw D. H perpendicular to B, H, 
cutting the tangent B. C in C. 

3rd. Through B, draw B. G parallel to D. H, and 
through D, draw D. E parallel to H. B, cutting G. B 
in E. 

4th. Make E. G equal to E. B, and E. F equal to 
H. C, join i>. F. 

5th. Divide the lines D. F and D. C each into the 

me number of equal parts. 

6th. From the point B, draw lines to the divisions 

2, 3, &c. in D. a 

7th. From the point G, draw lines through the divi- 
sions in D. F, to intersect the lines drawn from B. 

8th. Through the points of intersection trace the 
curve. 

Note. — A grea[ variety of form may be given to the echinus, 
by varying the projections and the inclination of ihetangenlB. C. 

Note 2.— If H. C is less than C. D, as in fig. 1, the curve 
'ill be tUiplie ; if H. C and C. D are equal, aa in fig. 2, the 
irve ispambolit:; iS H. C be tnade greater than D. C, the curve 
will be k^trbolie. 

Note 3, — The echinus, when enriched with carving, is gener- 
illy cut into figures resemblbg eggs, with a dart or tongue be- 
tween them. 



Figs. 3 and 4. — The Grecian Cyma. 

To describe the Cyma Recta, the perpendicular height 
B, D and the 'projection A, D being given. 

1st. Draw Ji. C and B. D perpendicular to ^. D 
and C. B parallel to ^. B 

2tid. Bisect Ji, D in E, and ji. C in G; draw E. 
fand G. 0, which will divide the rectangle .^. C. B 
D into four equal rectangles. 



3rd. Make G. P and 0. AT each equal to 0. H. 

4th. Divide A. G~0. B~A. E and B. F into a 
similar number of equal parts. 

5lh. From the divisions in A. E and F. B, draw 
lines to H ; from P draw linea through the divisions 
on A- G to intersect the lines drawn from A. E, and 
from K through the divisions in 0. B, draw lines to 
intersect the lines drawn from F. B. 

6th. Through the points of intersection draw the 
curve. 

Note. — The curve is formed of two equal conferee arcs of an 
elltpaia, of which E. F \a the treasverse aiia, and P. Hoi H. K 
the conjugate. Tbe poinU in ihe curve are found in the same 
manner as in Gg. 1, plate 20. 



Fig. 6. — The Gbecian Cyma Revebsa, Talon or 
Ogee, 

To draio the Cyma Reversa, the fillet A, the potTiC C, 
th£ end of the curve B, and the line B, D being given. 

1st. From C, draw C. D, and from B, draw B. E 
perpendicular to B. D, then draw C. E parallel to B. 
D, which completes the rectangle. 

2nd. Divide the rectangle B. B. C. 2> into four equal 
parts, by drawing F. G and 0. P. 

3rd. Find the points in the curve as in figs. 3 and 4. 

NoTB 1. — If WeturD the figure over so as to bring the line F. 
O vertical, O being at the lop, the point B of fig. 5, lo coincide 
with the point J of fig. 3,il will be perceived thai the curves nre 
similar, F. O being the Imasverse axis, and .V. Hot M. H the 
conjugate axis of the ellipsis. 

Note 2— The nearer the line B. D npproochps In a horizontal 
poailion, the greater willbelhedegreeof curvature, the conjugote 
axis of the ellipsis will be lengthened, and the curve become more 
liie the Roman ogee. 
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FiQCSE 6. — The Grecian Scotia. 

To describe the Grecian Scotia, Uie position of the 
fillets A and B being given. 

Ist. Join ^. B, bisect it in C, and through C draw 
D. E parallel to B. G. 

2nd. Mate C. D and C. E each equal to the depth 
intended to be given to the scotia ; then A. B will be 
a diameter of an ellipsis, and D. E its conjugate. 

3rd. Through E, draw F. G parallel to A. B, 

4th. Divide A. F and B. G into the same number 
of equal parts, and from the points of division draw 
lines to E. 

5th. Divide ^. C and B. C into the same number 
of equal parts, as A. F, then frora D through the points 
of division in.^. B, draw lines to intersect the others, 
which will give points in the curve. 



PLATE XXIX. 

TO DRAW THE TEETH OF WHEELS. 



1st. The LINE of CENTRES IS the line A. B. J), fig. 
I, passing through K and C, the centres of the wheel 
and pinion. 

2nd. The proportional or primitive diameter of the 
wheel, is the line A. B; the proportional radius A, K. 
or A'. B. The true radii are the distances from the 
centres to the extremities of the teeth. 

3rd. The proportional diameter of the pinion is 
the line B. D; the proportional i»iV\i^ C- B. 



4lh. The proportional circles or pitch lines 
are circles described with the proportional radii touch- 
ing each other in B. 

5th. The pitch of a wheel is the distance on the 
pitch circle including a tooth and a space, as E. For 
G. H, or 0. D, fig. 2. 

6lh. The depth of a tooth is the distance from the 
pitch circle to the bottom, as L. K, 6g. 1, and the 
height of a tooth is the distance from the pitch circle to 
the top of the tooth, as L. M. 



To draw the Pitch Line of a Pinion to contain a defi- 
nite number of Teeth of the same size as in the given 
wheel K. 

Ist. Divide the proportional diameter Ji. B of the 
given wheel into as many equal parts as the wheel has 
teeth, viz. 16. 

2nd. With a distance equal to one of these parts, 
step oif on the line B. D as many steps as the pinion is 
to contain teeth, which will give the proportional di- 
ameter of the pinion ; the diagram contains 8. 

3rd. Draw the pitch circle, and on it with the dis- 
tance E. F, the pitch, lay off the teelh. 

4th, Sub-divide the pitch for the tooth and space, 
draw the sides of the teeth below the pitch line toward 
the centre, and on the tops of the teeth describe epicy- 
cloids. 

NoTB. — The circumferences of circles are clirecily as ih«r di- 
ameters; if the diameter of one circle be four limes greater than 
another, the circumference will also be four liraes greater. 

Fig. 2 is another method for drawing the teeth; Jl, 
B is the pitch circle on which the width of the teeth 
and spaces must be laid down. Then with a radius 
~ or D. F, equal to a pitch and a fourth, from the 
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middle of each tooth on the pitch circle as at D, de» 
scribe the tops of the teeth E and F, from describe 
the tops of the teeth G and D, and so on for the others. 
The sides of the teeth within the pitch circle may be 
drawn toward the centre, as at F and fl, or from the 
centre 0, with a radius equal to 0, Q or 0. P, describe 
the lower part of the teeth G and D. 



PLATE XXX. 

ISOMETRICAL DRAWING. 



Figure 1. 



To draw the Isametrical Cube, 

Let A be the centre of the proposed drawing. 

1st. With one foot of the dividers in ./J, and any ra- 
dius, describe a circle. 

2nd. Through the centre ./J, draw a diameter jff. C 
parallel to the sides of the paper. 

3rd. With the radius from the points jB and Clay 
off the other comers of a hexagon, D. E. F. G. 

4th. Join the points and complete the hexagon. 

5th. From the centre ./?, draw lines to the alternate 
corners of the hexagon, which will complete the figure. 

The Isometrical cube is a hexahedron supposed to 
be viewed at an infinite distance, and in the direction 
of the diagonal of the cube; in the diagram, the eye is 
supposed to be placed opposite the point Ji : if a wire 
.be run through the point A to the opposite corner of 
the cube, the eye being in the same line, could only 
see the end of the wire, and this would be \\\e ^-^sfc tsl^c^ V 
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matter how large the cube, consequently the front top 
corner of the cube and the bottom back corner roust be 
represented by a dot, as at the poiDt A. As the cube 
is a solid, the eye from that direction will see three of 
its sides and nine of its twelve edges, and as the dis- 
tance is infinile, all thcBt; edges will be of etjual length, 
the edges seen are those shewn in fig. 1 by continuous 
lines; three of the edges and three of the sides could 
not be seen, these edges are shewn by dotted lines in 
fig. 1, but if the cube were transparent all the edges 
and sides could be seen. The apparent opposite angles 
in each side are equal, two of them being 120°, and 
the other two 60°; all Ihe opposite boundary lines are 
parallel to each other, and as they are all of equal 
length may be measured by one common scale, and all 
lines parallel to any of tlie edges of the cube may be 
measured by the same scale. The lines F. G, Ji. C 
and E. D represent the vertical edges of the cube, the 
parallelograms j1. C. D. E and j1. C. F. G, represent 
the vertical ^c€s of the cube, and the parallelogram A. 
B. E. F represents the horizonlal face of the cube; 
consequently, vertical as well as horizontal lines and 
surfaces may be delineated by this method and measured 
by the same scale, for this reason the term isometki- 
CAL (equally measurable) has been applied to this style 
of drawing. 



Figure 2 

Is a cube of the same size as fig. 1, shaded to make 
the representation more obvious; the sides of the small 
cube A, and the boundary of the square platform on 
which the cube rests, as well as of the joists which 
support the ^oor of the platform, are all drawn parallel 
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to some of the edge* of the cube^ and forms a good 
illustration for the learner to practice on a larger scale. 

Note. — A singular optical iUusiou may be wimeesed while 
looking at this diagram, if we keep the eye fixed on the point A, 
and imagine the drawing to represent the interior of a room, the 
point jI wiU appear to recede; then if we again imagine it to be 
a cube the point will appear to advance, and this rising and falling 
may bs continued, as you imagine the angle jS, to lepretent a pro- 
jecting comer, or an internal angle. 



PLATE XXXI. 

EXAMPLES IN ISOMETRICAL DRAWING. 



tf^M^i^^^^^^^v^^^^^^^^^^M^i^^ 



'Figs. 1 and 2 are plans of cubes with portions cut 
away. Figs. 3 and 4 are isometrical representations 
of them. 

To draw a part of a regular figure, as in these dia- 
grams, it is better to draw the whole outline in pencil, 
as shewn by the dotted lines, and from the corners lay 
off the indentations. 

The circumscribing cube may be drawn as in fig. 1, 
Plate 30, with a radius equal to the side of the plan, 
or with a triangle having one right angle, one angle of 
60°, and the other angle 30°, as shewn at ./J. Proceed 
as follows : — 

Let jB be the tongue of a square or a straight edge 
applied horizontally across the paper, apply the hy- 
pothenuse of the triangle to the tongue or straight edge, 
as in the diagram, and draw the left hand inclined lines ; 
then reverse the triangle and draw the right hand in- 
clined lines ; turn the short side of the triangle against 
the tongue of the square, and the vertical lines may be 
drawn. 
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This instrument so simplifies isometrical drawing, 
that its application is but little more difficuk than the 
drawing of flat geometrical plans or elevations. 



PLATE XXXII. 

EXAMPLES IN ISOMETRICAL DRAWING 

CONTINUED. 



"^j-iri nc i rti~ i i '"M lfif M~<"> fW i rtrifh*^ r^r>r > r»_n_n_rM % 



Fig. 1 is the side, and fig. 2 the end elevation of a 
block pierced through as shewn in fig. 1, and with the 
top chamfered off, as shewn in figs. 1 and 2. 



tf«#*««««««^«tf«««#«^»tf«#«^i^«#^^M«#«««tf«#«^«#«ri» 



Figure 3. 



To draw the figure Jsometrically. 

1st. Draw the isometrical lines A/ B and C D; 
make A. B equal to A. JB fig. 1, and C. D equal to C 
D fig. 2. 

2nd. From A. B and D, draw the vertical lines, and 
make them equal to jB. G, fig. 1. 

3rd. Draw K. H and L. I parallel to A. £, and H. 
I and K. L parallel to C. D. 

4th. Draw the diagonals H. D and J. C, and through 
their intersection draw a vertical line M, G, F. Make 
G. F equal to G. F, fig. 1. 

5th. Through G, draw G. JV*, intersecting L. K in 
JV*. and from JV* draw a vertical line JV*. JE. 

6th. Through F, draw F. JE, intersecting JV*. JS in- 
E ; then E. F represents the line E. Fin fig. 1. 

7th. From E and F, lay off the distances and Pw 
and from and P draw the edges oi V^^ cJdass£«c 0- 
JC-^O. L — P. Hand P. I, w\\\chcomip\t\»^to\)!Ca»R- 
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8th. On A. B lay off the opening shewn in fig. 1, 
and from Rj draw a line parallel to C. D. 

Note 1. — ^All the lines in this figure, except the diagonals and 
edges of the chamfer^ can be drawn with the triangle and square, 
as explained in Plate 3t. 

NoTK 2. — ^All these lines may be measured by the »ame iedle, 
except the inclined edges of the chamfer, which will require a 
different scale. 

Note 3. — ^The intelligent student will easily perceive from this 
figure, how to draw a house with a hipped roof, placing the 
dooiSy windows, &c, each in its proper place ; or how to draw 
any other rectangular figure. Inclined lines may always be 
found by a similar process to that we have punued in drawing 
the edges of the chamfer. 



*^0^^^^^^i^0^0^0^f^t^0^f^0ai0^^»^^^^^*^*^*^*^^ 



Figure 4 



Is the elevation of the side of a cube with a large por- 
tion cut out 



m0m0*0^^*0^0*0^0^^0t0^f*0*^^0*0*^^0*0^^^^*0*0*^ 



Figure 5 



Is the isometrieal drawing of the same, with the top of 
the cube also pierced through. The mode pursued is 
80 obvious, that it requires no explanation: it is given 
as an illustration for drawing furniture, or any other 
framed object. It requires but little ingenuity to con- 
vert fig. 5 into the frame of a table or a foot-stooL 
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PLATE XXXIII. 

TO DRAW THE ISOMETRICAL CIRCLE. 



Is the plan of a circle inscribed in a square, with two 
diameters A. B and C. D parallel to the sides of the 
square. 



To draw the hometrical Representation. 

1st, Draw the isometrical square, M. JV. 0. P, har- 

ing its opposite angles 120° and 60° respectively. 

2nd. Bisect each side and draw A. B and C. D. 

3rd. From draw 0. A and O. D, and from Jtf 
draw M. Cand M. B intersecting in Q and R. 

4th. From Q, with the radius Q. A, describe the arc 
A. C, and from R, with the same radius, describe the 
arc D. B. 

5lh. From 0, with the radius 0. A, draw the arc 

A. D, and from M, with the same radius, describe C. 

B, which completes the oval. 

Note. — An isometrical projection of a cirtle would be an 
ellipsis; but ihe figure produced by the above roelhod is so sim- 
ple in ils construction and approaches so near lo an ellipsis, that 
il may bn used in most cases, besides its facility of construction i 
its fliniu inference is so nearly equal to the circumference of the 
given circle, thai any divisions traced on the one may be trans- 
ferred to the other with sufficient accuracy for all practical put- 
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FlGUBE 3. 



To divide the drcwnrference of the hometrieal CSrck 
into any number of equal parts. 

1st. Draw the circle and a square around it as in fig. 
2, the square may touch the circle as in fig. 2, or be 
drawn outside as in fig. 3. 

2nd. From the middle of one of the sides as O, erect 
O. K perpendicular to E* Fj and make O. K equal to 
O. E. 

3rd. Draw K. E and K. Fj and from K with any 
radius, describe an arc P. Q, cutting K. E in P, and 
JST. PinQ. 

4th. Divide the arc P 4 into one-eighth of the num- 
ber of parts required in the whole circumference, and 
from Kj through these divisions, draw lines intersecting 
E. in 1, 2 and. 3. 

5th. Froar^e divisions 1, 2 and 3, in E, 0, draw 
lines to the centre P, which will divide the arc E. 
into four equal parts. 

6th. Transfer the divisions on E. from the cor- 
ners E. F. G. Hj and draw lines to the centre P, when 
the concentric curves will be divided into 32 equal 
parts. 

Note 1.-— If a plan of a circle divided into any number of 
equal parts be drawn^ as that of a cog whed^ the same measures 
may be transferred to the isometric curve as explained in the note 
to fig. 2, but if the plan be not drawn, the divisions can be made 
as in fig. 3. 

Nora 2. — The term isoMBTaioAL pmojEcnes has been avoided, 
as the projectrm of a figure would require a smaller scale to be 
used than the scale to which the geometrical plans and elevations 
are drawn, but as the isometrical figure drawn with the same 
scale to which the plans are drawn, is in every respect propor- 
DKon/ to the tne pfojeotion, and convrfa Xo ^% «^e the same 
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view of t)ie ohjecl, ii is tnanifF^ily much mare convenieat Tor 
praciical purposes to draw both to (he same scale. 

Note 3,— In Nole 2 to fig. 3, Plate 32, allusion has been made 
to inclined lines requiring a difTiireni acale from any of ihe lines 
used in drawing the iaomelrlcal cube; for ihe mode of drawing 
those scales as well an for the funhei prosecution of ihis branch 
of drawing, the student is referred to Jopling's and Sopwilh's 
Ireatite on the subject, as we only propose to give an i^roductvn 
to iaometrieal draunng. Sufficient, however, has been given to 
enable the student to apply it to a very large class of object?, and 
it would extend the size of this work too much, to pursue t}K 
subject in full. 



PERSPECTIVE. 



PLATE XXXIV. 



The design of the art of perspective is to draw on a 
plane surface the representation of ati object or objects, 
so that the representation shall convey to the eye, the 
.'^ame image as the objects thenaselves would do if 
placed in the same relative position. 

To elucidate this definition it will be necessary to 
explain the manner in which the image of external ob- 
jects is conveyed to the eye. 

Ist. To enable a person to see any object, it is ne- 
cessary that such object should reflect light. 

2nd. Light reflected from a centre becomes wealcer 
in a duplicate ratio of distance from its source, it being 
only one-fourth as intense at double the diatance, and 
one-ninth at triple the distance, and so on. 

3rcl. A ray of light striking on any plane surface, 1* 
rejected from that surface \n enTveW-ij 'ftia 
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with which it impinges ; thus if a plane surface be 
placed at an angle of 45°, to the direction of rays of 
light, the rays will be reflected at an angle of 4&° in the 
opposite direction. This fact is expressed as follows, 

viz: THE ANGLE OF REFLECTION IS EftUAL TO THE 

AKGLE OF INCIDENCE. This axiom, so short and 
pithy, should be stored in the memory with some others 
that we propose to give, to be brought forward and ap- 
plied whenever required. 

4th, Rays of light reflected from a body proceed in 
straight lines until interrupted by meeting with other 
bodies, which by reflection or refraction, change their 
direction. 

5th. Refraction of light. When a ray of light 
passes from a rare to a more dense medium, as from K 
clear atmosphere through a fog or from the air into 
water, it is bent out of its direct course : thus if we 
thrust a rod into water, it appears broken or bent at the 
surface of the water ; objects have been seen through a 
fog by the bending of the rays, that could not possibly 
be seen in clear weather ; this bending of the rays of 
light is called refraction, and the rays are said to be re- 
fracted: this effect, (produced however by a different 
cause) may often be seen by looking through common 
window glass, when in consequence of the irregulari- 
ties of its surface, the rays are bent out of a direct course, 
causing the view of objects without to be much distorted. 

6th. A portion of light is absorbed by all bodies re- 
ceiving it on their surface, consequently the amount of 
light reflected from an object is not equal to the quan- 
tity received. 

7th. The amount of absorption is not the same in all 
bodies, but depends on the color and quality of the re- 
flecting surface ; if a ray falls on the bright polished 
surface of a looking-glass, mosl ot \V "*j\^ \ife \«l\e.(*e.^- 
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but if it should fall on a surface of black cloth, most of 
it would be absorbed. White or light colors reflect 
more of a given ray of light than dark colors; polished 
surfaces reflect more than those which are unpolished, 
and smooth surfaces more than rough, 

Sth. As all objects absorb more or less light, it fol- 
lows that at each reflection the ray will become weaker 
until it is no longer perceptible, 

9th. Rays receivet! from a luminous source are called 
direct, and the parts of an object receiving these direct 
rSys are said to be in light. The portions of the sur- 
face so situated as not to receive the direct rays are 
said to be in shade ; if the object receiving the direct 
rays is opaque, it will prevent the rays from passing in 
that direction, and the outline of its illuminated parls 
will be projected on the nearest adjoining surface : the 
figure so projected is called its shadow. 

10th, The parts of an object in shade will always be 
lighter than ihe shadow, as the object receives more or 
less reflected light from the atmosphere and adjoining 
objects, the quantity depending on the position of the 
shaded surface, and on the position and quality of the 
surrounding objects. 

1 Ith. If an object were so situated as to receive only 
a direct ray of light, without receiving reflected light 
from other sources, the illuminated portion could alone 
be seen; but for this universal law of reflection we 
should be able to see nothing that is not illuminated by 
the direct rays of the sun or by some artificial lueans. 

12th. Rays of light proceeding in straight lines from 
the surfaces of objects, meet in the front of the eye rf 
the spectator where they cross each other, and form on 
inverted image on the back of the eye, of all object! 
within the scope of vision. 

13th. The size of the imae,r. so formed on the retina 
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depends on the size and distance of thp original; the 
shape of the image depends on the angle at which it is 
seen. 

NoTB. — The size of objecia diminishes direcily as the diatance 
increases, appearing at leu times the disiance, only a tenth part 
as lai^e; the knowledge of this fact has produced a syalemof 
mritlimetical penpective, which enables the draughtsman to pro- 
portion ttie sizes of ohjects by calculation. 

14th. The strength of the image depends on the de- 
gree of iiluraination of the original, and on its distance 
from the eye, objects becoming more dim as they re- 
cede from the spectator. 

15th. To give a better idea of the operation of the 
eye in viewing an object, let tis refer to fig, 1. The 
circle ^ is intended io represe'nt a section of t]ie human 
eye, H the pupil in front, K the crystalline lens in 
which the rays are al! converged and cross each other, 
and M the concave surface of the back of the eye called 
the retina, on which the image is projected. 

16th. Let us suppose the eye to be viewing the cross 
B. C, and that the parallelogram JV. 0. P. Q represents 
a picture frame in which a pane of glass is inserted; 
the surface of the glass slightly obscured so as to allow 
objects to he traced on it, then rays from every part of 
the cross will proceed in straight lines to the eye, and 
form the inverted image C. B on the retina. If with a 
pencil we were to trace Ihe form of the cross on the 
glass so as to interrupt the view of the original object, 
we should have a true perspective representation of the 
original, which would form exactly the same sized 
image on the retina; thus the point b would intercept 
the view of B, c ot C, d of D and e of E, and if colored 
the same as the original, the image formed from it 
would be the same in every respect as from the original. 

17th. Jf we move the cross B. C to F, 0,\!n«.'\a\%^ 
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fnrmed on tlie retina would be much larger, as shewn 
at G. F, and die representation on the glass would be 
larger, the ray from F passing through y, and "the ray 
from G passing through g, shewing that the same ob- 
ject will produce a. larger or smaller image on the re- 
tina as it advances to or recedes from the spectator; 
the farther it recedes, the smaller will be the image 
fonned, until it becomes so small as to be invisible. 

18th. Fig. 2 is given to elucidate the same subject. 
If we suppose a person to be seated in a room, the 
ground outside to be on a level with the bottom of the 
window ji. B, the eye at S in the same level line, and 
a series of rods C. D. E. F of the same height of the 
window to be planted outside, the window to be filled 
with four lights of glass of equal size, then the ray from 
the bottom of all the rods would pass fhrough the bot- 
tom of the window ; the ray from the top of C would 
pass through the top of the window ; from the top of D 
a litUe farther off, it would pass through the third light; 
the ray from E would pass through the middle, and F 
would only occupy the height of one pane, 

19th. Fig. 3. Different sized and shaped objecta 
may produce tlie same image ; thus the bent rods J ; 
and C, and the straight rods B and D would produce 
the same image, being placed at different distances 
from the eye, and all contained in the same angle D. 
S, E. As the bent rods Ji and C are viewed edgewise 
they would form the same shaped image as if they were 
straight. The angle formed by the rays of light pass- 
ing from the top and bottom of an object to the eye, 
as D. S. E, is called the visual angle, and the 
object is said to subtend an angle of so many degreeS) 
measuring the angle formed at S. 

20th. Of FORESBORTENiKG. When an object is 
viewed obliquely it appears muc\\ tSiorttr Itiaix if its 
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le is directly in front of the eye; if for instance we 
>Id a pencil sidewise at arms length opposite the eye, 
should see its entire length ; then if we incline the 
cil a little, the side will appear shorter, and one of 
ends can also be seen, and the more the pencil 
inclined the smaller will be the angle subtended by 
e, until nothing but ilie end would be visible. 
gain if a wheel be placed perpendicularly opposite the 
. Its rim and hub would shew perfect circles, and 
spokes would all appear to be of the same length, 
[t if we incline the wheel a little, the circles will ap- 
lar to be ellipses, and the spokes appear of diSerent 
igths, dependant on the angle at which they are 
ewed ; the more the wheel is inclined the shorter will 
the conjugate diameter of the ellipsis, until the whole 
luld form a straight line whose length would be equal 
the diameter, and its breadth equal to the thickness 
the wheel. This decrease of the angle subtended 
an object, when viewed obliquely, is called Jvre- 
wtening. 
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Figure 1. 

Slst. If we suppose a person to be standing on level 
round, with his eye at S, the line ^. F parallel to the 
irface and about five feet above it, and the surface G. 

to he divided off into spaces of five feet, as at B. C. 

and E, then if from S, with a radius S. G, we de- 
iribe the arc Ji. G, and from the points B. C. D and 

we draw lines to <S, cutting the arc in H. K. L *».d. 
[, the distances between the lines on ^ive imci-w'^ wv 
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resent the angle subtended in the eye by each space, 
and if we adopt the usual mode for measuring an angle, 
and divide the quadrant into 90^, it will be perceived 
that the first space of five feet subtends an angle of 45^, 
equal to one-half of the angle that would be subtended 
by a plane that would extend to the extreme limits of 
vision ; the next space from £ to C subtends an angle 
of about 18l®, from C to D about 8®, and from D to 
E about 4^^, and the angle subtended would constantly 
become less, until the divisions of the spaces would at 
a short distance appear to touch each other, a space of 
five feet subtending an angle so small, that the eye 
could not appreciate it. It is this foreshortening that 
enables us in some measure to judge of distance. 

22nd. If instead of a level plane, the person at i9be 
standing at the foot of a hill, the surface being less in- 
clined would diminish less rapidly, but if on the con- 
trary he be standing on the brow of a hill looking down- 
ward, it would diminish more rapidly ; hence we de- 
rive the following axiom: The degree of fore- 
shortening OF OBJECTS DEPENDS ON THE A^GhE AT 
WHICH THEY ARE VIEWED. 

23rd. Perspective may be divided into two 
branches, linear and aerial. 

24th. Linear perspective teaches the mode of 
drawing the lines of a picture so as to convey to the 
eye the apparent shape or figure of each object froia 
the point at which it is viewed. 

25th. Aerial perspective teaches the mode of 
arranging the direct and reflected lights, shades and 
shadows of a picture, so as to give to each part it^ 
requisite degree of tone and color, diminishing th^ 
strehgth of each tint as the objects recede, until in th< 
extreme distancey the whole asswrne^ ^ \^\x\^Vk ^5%v 
wAj'ch is the color of the atmospVieTe, T\i\a>ot«xiOtv^^^ 
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fhe art is requisite to the artist who would paint a land- 
scape, and can be better learnt by the study of nature 
and the paintings of good masters, than by any series 
of rules which would require to be constantly varied. 

26th. Linear perspective, on the contrary, is capable 
of strict mathematical demonstration, and its rules must 
be positively followed to produce the true figure of an 
object. 
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DEFINITIONS. 



27th. The perspective plane is the surface on 
which the picture is drawn, and is supposed to be 
placed in a vertical position between the spectator and 
the object — ^thus in fig. 1, Plate 34, the parallelogram 
JV. 0. P. Q is the perspective plane. 

28th. The ground line or base line of a picture 
is the seat of the perspective plane, as the line Q. P, 
fig. 1, Plate 34, and G. i, fig. 2, Plate 35. 

29th. The Horizon. The natural horizon is the 

line in which the earth and sky, or sea and sky appear 

to meet; the horizon in a perspective drawing is at 

the height of the eye of the spectator. If the object 

viewed be on level ground, the horizon will be about 

five feet or five and a half feet above the ground line, 

as it is represented by V. i, fig. 2. If the spectator 

be viewing the object from an eminence, the horizon 

will be higher, and if the spectator be lower than the 

ground on which the object stands, the horizon will be 

lower ; thus the horizon in perspective, means the I 

height of the eye of the spectator, and as an object may 

be viewed by a person reclining on the ground, or 

standing upright on the ground, or he may be elevated 

. on a chair or tabJe, it follows that t\ie Vionxow may be i 

/ made higher or lower ^ at the ple?is\\Te o? \i^^ dLtw\^\%-\ 
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mnQ ; but in a mechanical or ardiitectui-al view of a 
design, it should be placed about five feet above the 
ground line. 

Note. — The lops of all horizootal objects that are below ihs 
horizon, and the under sides of objects above the horizon, will 
appear more or less displayed as they recede from or approach U 
the hurizuu. 

30th. The station point, or point of tiew is the 
position of the spectator when viewing the object or 
pifture. 

31st, The POINT of BIGHT. If the spectator stand- 
ing at the station point should hold his pencil horizon- 
tally at the level of his eye in such a position that the 
end only could be seen, it would cover a small part of 
ihe object situated in the horizon ; this point is marked 
as at S, fig. 2, and called the point of sight. It must 
be remembered that the point of sight is not the posUion 
of a spectator when viewing an object; but a point in 
the horizon direclly opposite the eye of the spectator, 
Bnd from which point the spectator may be at a greater 
or less distance. 

32nd. Points of distance are set off on the horizon 
on eitlier side of the point of sight as at D. I/, and 
represent the distance of the spectator from the per- 
spective plane. As an object may be viewed at dif- 
ferent distances from the perspective plane, it follows 
that these points may be placed at any distance from 
the point of sight to suit the judgment of the draughts- 
man, but they should never be less than the base of the 
picture, 

riioTE 1. — AkhoiJgh the beighiofihe horizon, and thepoinis 
of distance may be varied al pleasure, it is only from that distance 
and with the eye on a level with the horizon thai a picture can 
be viewed correctly. 

Note 2. — In the following diagrami ths points of dietanec 
/ Jib re generally been placed within l^ve boundaiy of the plates, W 
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it is important that the learner should see the points to which 
the lines tend ; they shwld be copied toUk the pcmie cf dielanee 
tnuch farther off, 

33rd. Visual Rays. All lines drawn from the ob- 
ject to the eye of the spectator are called visual rays. 

34th. The middle ray, or central visual ray b 
a line proceeding from the eye of the spectator to the 
point of sight ; external visual rays are the rays pro- 
ceeding from the opposite sides of an object, or from 
the top and bottom of an object to the eye. The angle 
formed in the eye by the external rays, is called the 

visual angle. 

Note. — ^The penpeetwe plane must always be perpendicular 
to the middle visual ray. 

35th. Vanishing Points. It has been shewn at 

fig. 1 in this plate that objects of the same size subtend 

a constantly decreasing angle in the eye as they recede 

from the spectator, until they are no longer visible; 

th^ point where level objects become invisible or appear 

to vanish, will always be in the bori:;on, and is called 

the vanishing point of that object. 

I 36th. The point of sight is called the p«incipal 

vanishing point, because all horizontal object^ that 

are parallel to th^ middle visual ray will vanish in that 

point. If we $tand in the middle of a street looking 

directly toward its oppo3ite end as in Plate 46, (the 

Frontispiece y) all horizoptal lines, such as the tops and 

bottoms of the doors and windows, eaves and cornices 

of th^ bpuses, tops of pbinxnies, &c. will tend toward 

that point tp whiqh th^ ^ye is direQte4> ^nd if the lines 

were Qontinu^ thf^y wpuld unite in that ppint. Again, 

if we stand in the middle of a room looking towards its 

opposite end, the joints of the floor, corners of ceiling, 

washboards and the sides of furniture ranged again3t 

the side walls, or placed parallel to them^ would all tipnd 

to a point in the end of the room «it\yv5t\vev^\.^'l^^«i^* 
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37th, The vanishing points of horizontal object! 
not parallel with the middle ray will be in some point 
of the horizon, but not in the point of sight. These 
vanishing points are calleil accidental points. 

38lh. Diagonals. Lines drawn from the perspec- 
tive plane to the point of distance as JV. ly and 0. D, 
or from a ray drawn to the point of sight as E. ff and 
F. J}, are called diagonals; all such lines represent 
lines drawn at an angle of 45° to the perspective plane, 
and form as in this figure the diagonals of a square, 
whose side is parallel to the perspective plane. 

39th. Of VANISHING PLAKEs. On taking a posillon 
in the middle of a street as described in paragraph 
it is there stated that all lines will tend to a point in 
the distance at the height of the eye, called the point 
of sight, or principal vanishing point; this is equally 
true of horizontal or vertical planes that are parallel to Ihe 
middle visual ray : for if we suppose the street between 
the curb stones, and the side walks of tlie street to be 
three parallel horizontal planes as in Plate 46, their 
boundaries will all tend to the vanishing point, until el 
a distance, depending on the breadth of the plane, they 
become invisihle. Again, the walls of the houses 
both sides of the street are vertical planes, bounded by 
the eaves of the roofs and by their intersection with the 
horizontal planes of the side walks, these boundaries 
would also tend to llie same point, and if the rows of 
houses, were continued to a sufficient distance, these 
planes would vanish in the same point; if the back 
walls of the houses are parallel to the front, the planes 
formed by them will vanish in the same point, and if 
any other streets should be running parallel to the first, 
their horizontal and vertical planes would all tend to 
the same point. 
NoTt. — A bisd's eye view oI iheevfewao^ avi-«Ti\ai 
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tcgnlarly^ would fully elucidate the truth of the remarks in this 
paragraph. WheA the horizon of a picture is placed rery high 
aboTe the tops of the houses, as if the spectator were placed on 
some yery elevated object, or if seen as a bird would see it when 
on the wing, the vie^^ is called a bird's eye view; in a representa- 
tion of this kind (he tops of aU objects are visible, and the tenden- 
cy of all the planes and lines parallel to the middle visual ray to 
vanish in the point of sight, is very obvious. 

40th. If we were viewing a room as described in 
paragraph 36, the ceiling and floor would be horizontal 
planes, and the walls vertical planes, and if extended 
would all vanish in the point of sight ; or if we were 
viewing the section of a house of several stories in 
height, all the floors and ceilings would be horizontal 
planes, and all the parallel partitions and walls would 
be vertical planes, and would all vanish in the same 
point. 

41st. When the boundaries of inclined planes 
are horizontal lines parallel to the middle ray, the planes 
will vanish in the point of sight ; thus the roofs of the 
houses in Plate 46, bounded by the horizontal lines of 
the eaves and ridge, are inclined planes vanishing in 
the point of si^t. 

42nd. Planes parallel to the plane of the 
PICTURE have no vanishing point, neither have any 
lines drawn on such planes. - 

43rd. Vertical or horizontal parallel planes 
running at any inclination to the middle ray or perspec- 
tive plane, vanish in accidental points in the horizon, 
as stated in paragraph 37; as for example, the walls 
and bed of a street running diagonally to the plane of 
the picture, or of a single house as in Plate 45, where 
the opposite sides vanish in accidental points at differ- 
ent distances from the point of sight, because the walls 
form difkrent angles with the pets^^cVxN^ ^lane, as 
shewn by the plan of the wafts B. D wvdili* C,^%A.\ 
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44lh. All horizontal lines drawn on a plane, 

running parallel to a plane, vanish in the same point 
ns the phme itself. 

45tb. Inclined lines vanish in points perpendicu- 
larly above or below the vanishing point of the plane, 
and if Ihey form the same angle with the horizon in 
- (iilferent directions as the gables of the house in fig. 2, 
Plate 45, the vanishing points will be equidistant from 
I the horizon. 

From what has been said we derive the following 
AXIOMS ; their importance should induce the student to 
fix them well in his memory : 

lat. The angle of reflection of light is equal 
to the angle of incidence. See paragraph No. 3, page 
96. 

2nd. The shadow of an object is always darker 
than the object itself. See paragraph 10, page 98. 

3rd. The degree of foreshortening of objects 
depends on ihe angle at which they are viewed. See 
paragraph 20, page lOO. 

4th. The a pparent size of an object decreases ex- 
actly as its distance from the spectator is increased.— 
See paragraph 35, p. 105. 

5th. Parallel planes and lines vanish to a^ 
common point. See paragraph 36, page 105. 

6lh. All parallel planes whose boundaries 
parallel to the middle visual ray, vanish in the point 
of sight. See paragraph 36, page 105. 

7th. All horizontal lines parallel to the middle 
ray vanish in the point of sight. 

Slh. Horizontal lines at am angle of 45° witt 
the plane of the picture, vanish in the points of dis— ~ 
tance. See paragraph 38, page 106. 

9th. Planes and lines parallel to the pla?ii 
or THE FicTUKE have no vanisWng 'joKuV. 
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RACTICAL PROBLEMS. 



Ist. To draw the perspective representalion of the 
iqaare N. O, P. Q, viewed in the direclion of the line 
W, B, toitk one of its sides N. touching the perspec- 
(i«e plane G, L, and parallel with it. 

1st. Draw the horizontal line V. L at the height of 
ibe eye. 

2nd. From C, the centre of the side JV. 0, draw a 
perpendicular to V. L, cutting it in S. Then S is the 
point of sight or the principal vanishing point, and C. 
8 the middle visual ray. 

3rd. As the sides JV. P and 0. Q are parallel to the 
Diddle ray C. S, they will vanish in the point of sight. 
Therefore from JV and draw rays to S; these are 
the external visual raye. 

4th. From S, set off the points of distance D. ff at 
pieasiue, equidistant from S, and from A'and 0, draw 
the diagonals JV. If and 0, D. Then the intersection 
of these diagonals with the external visual rays deter- 
mine the depth of the square. 

6lh. Draw E. F parallel to JV". 0. Then the trspe- 
Eoid W". 0. E. F is the perspective representation of 
the given square viewed at a distance from l^on <he 
ine W. B, equal to S. D. 

End. To draw the Representation of another Square 
of the same size immediately iit the rear ofE. F, 

1st. From E, draw E. If, intersecting 0. S in K, 
Old from F, draw F, J), intersecting JV. S in B. 

2nd. Drnw B. K parallel to E. F, which completes 
he second square; and the trapezoid JV. 0. H. B is 
Ihe representation of a parallelogram whose side 0. H 
B double the side of the given s(\via'£«. \j 
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Note.— If from tV on ihe line fT. B we sel offihe dislanae 
S. D, eilending in ihe example ouisiiie of the plate, (wlirch rep- 
rew>nu the dislance from which the picture is viewed.) and from 
JV and O draw rays lo the point so set off, cutting P. Qia M 
and r, ihpn the lines R. Tand E. F will beofequaMengih, and 
of the diagram. 
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To drato a Perspective Plan of a Square and divide it 
into a given number of Squares, say sixty-Jour. 

Let G. L be the base line, V. L the horizon, iS the 
point of sight, and JV. the given side of the square. 

1st. From JV and 0, draw rays to S and diagonals 
to D. D, intersecting each other in P and Q, draw 

2n(l. Divide JV. O inlo eight equal parts, and from 
the points of division draw rays to S. 

3rd, Through the points of intersection fonned with 
those rays by the diagonals, draw lines parallel to JVt 
0, which will divide the square as required, and may 
represent a checker board or a pavement of square 
tiles. 

Of Half Distance. 

When the points of distance are too far off to be used 
conveniently, half the distance may be used ; as for ex- 
ample, if we bisect & D in i 2>, and JV. in C, and 
draw a line from C to | D, it will intersect JV. S ia P, 
being in ihi same point as \iy ttie dVagoTviV dra.«ii from 
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O the opposite side of the square, to the whole distance 
at D. 

Note. — ^Any other fraction of the distance may be used, pro- 
yided that the divisions on the base line be measured proportion- 
ately. 
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Figure 2. 
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To draw the Plan of a Room with Pilasters at its sideSj 
the base Ivnej horizon^ point of sighty arid points of 
distance given. 

Note. — ^To avoid repetitions in thefoOowkig diagrams, vts 
skaU suppose the base line, the horizon V. h, the point rf sight 8, and 
the points of distance D.D to be gieen, 

1st. Let JV. be the width of the proposed room, 
then draw JV. S and 0. S representing the sides of the 
room. 

2nd. From JV toward lay down the width of each 
pilaster, and the spaces between them, and draw lines 
to D, then through the points where these lines inter- 
sect the external visual ray JV*. Sj draw lines parallel 
with JV. to the line 0. S. 

3rd. From JV and 0, set off the projection of the 
pilasters and draw rays to the point of sight. The 
shaded parts shew the position of the pilasters. 

4th. If from JV we lay off the distances and widths 
of the pilasters toward Jtf, and draw diagonals to the 
opposite point of distance, JV. S would be intersected 
in exactly the same points. 

Note. — Any rectangular object may be put in perspective by 
this method, without the necessity of drawing a geometrical plan, 
as the dimensions may all be laid of![ oii^<& %iOM\\d line by any 
Mcale tf equal parts. 
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To shorten tlie depth of a perspective drawing, thereby 
producing the sotm effect as if the points of dis- 
tance were removed much farther off. 

1st. Let alt the principal lines be given as above, 
and the pilasters and spaces laid olT on the base line 
IromJV. 

2nd. From the dimensions on the base line draw 
diagonals to the point of distance D. The diagonal 
from M the outside pilaster will intersect Jf. S in P. 

3rd. From JV erect a perpendicular J^. B to inter- 
sect the diagonals, and from those intersections draw 
horizontal lines to intersect JV". S. 

4th. If from ;Vwe draw the inclined line JV. E and 
transfer the intersections from it to V. 0, it will reduce 
the depth much more, as shown at 0. S. 

Most of the feregning diagrams may be drawn as 
well with one point of distance as with two. 
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TESSELATED PAVEMENTS. 



To draw a pavtmtnt of tquare tiles, with their sidei 

placed diagonally to the perspective plane. 

1st, Draw the perspective square JV*. 0. P. Q. 

2nd. Divide the base line JV. into spaces equal to 
the diagonal of the tiles. 

3rd. From the divisions on JV". draw diagonal!) to 
tbe j>oints of distance, and from the intersections of the 
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diagonals with the external rays draw other diagonals 
to the opposite points of distance. 

4th. Tint eyery alternate square to oomplete the 
diagram. 
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Figure 2. 



To draw a pavement of square black tiles with a white 
border around them^ the sides of the squares parallel 
to the perspective plane and middle visual ray. 

1st. Draw the perspective square, and divide X. O 
into alternate spaces equal to the breadth of the square 
and borders. 

2nd. From the divisions on X O draw rays to 
the point of sight, and from X draw a diagonal to the 
point of distance. 

3rd. Through the intersections formed by the diago- 
nal, with the rays drawn from the divisions on X O, 
draw lines parallel to X. 0, to complete the small 
squares. 
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Figure 3. 



To draw a Pavement composed of Hexagonal and 

Square Blocks, 

. 1st. Divide the diameter of one of the proposed 
hexagons a, b into three equal parts, and from the 
points of division draw ray^ to the point of sight. 

2nd. From a, draw a diagonal to the point of dis- 
tance, and through the intersections draw the parallel 
lines. 

3rd. From 1, 2, 3 and 4, draw diagonals to the 
opposite points of distance, which complete the hexa- 
gon^ ^ 
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4lh- Lay ofT the base line from a aod b into spaceis 
equal to oiie-thiril of tbe given hexagon, and draw ray^ 
from thein to the point of sight; then dr.iw diagonals 
the diagram, to complete the pavement. 
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3Tj diaw tite Double Square E. F, G. H, viewed diago- 
nally, with one of its corners touching the Perspective 
Plane. 

1st. Prolong the sides of the squares as shewn by 
the dotted lines to intersect the perspective plane. 

ind. From the points of intersection, draw diagonals 
to the points of distance, their intersections form th^ 
diagonal squsires. 

3rd. The square ^. B. JV. is drawn around it or» 
the plan and also in perspective, to prove that the sam^ 
depth and breadth is given to objects by both methods 
of projection. 



Figure 2. 



To draw the Perspective Representation of a Circle 
viewed directly injront and touching the Perspective 
Plane. 

Find the position of any number of points in the Curvi-^ 

Isl. Circumscribe the circle with a square, draw th^ 

diagonals of the square P. and JV*. Q, and the di- 

ameters of the circle .1. B aw\ E. F, ulso through the^ 



THE KEV/ YCRK 

PUBLIC LIBRARY 

ASTOR, 'LFNOX 
TILDfN FOUr.'0AT.lONS 



it • 











*' 


r> 


3 


1 







1i 



V 



II 




A 



(i 



— B 



l-'itf ? 
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intersections of said diagonals with the circumference, 
draw the chords 12. jR, R. jR, continued to meet the 
line G. L in r and YJ 

2nd. Put the square in perspective as before shewn, 
draw the diagonals JV*. D', and 0. Z), and the radials 
Y. iSand YJ S. 

3rd. From ^^ draw •^. <S, and through the intersec- 
tion of the diagonals draw E. F parallel to JV. 0. 

4th. Through the points of intersection thus found, 

viz: ^. jB. E. F. jR. jr. JR. R trace the curve. 

NoT£ 1. — ^This method gives eight points through which to 
trace the curve, and as these points are equidistaiX in the plan, it 
follows that if the points were joined by right lines it would give 
the perspective representation of an octagon. By drawing di- 
ameters midway between those already drawn on the plan, eight 
other points in the curve may be found. This would give six- 
teen points in the curve, and render the operation of tracing much 
more correct 

Note 2. — ^A circle in perspective may be considered as a po- 
lygon of an infinite number of sides, or as a figure composed of 
an infinite number of points, and as any point in the curve may 
be found, it follows that every point may be found, and each be 
positively designated by an intersection; in practice of course this 
is unnecessary, but the student should remember, that the more 
points he can positively designate without confusion, the more 
correct will be the representation. 



PLATE XXXIX. 

LINE OF ELEVATION 



Figure 2 



Is the plan of a square whose side is nine feet^ e^cl^ 
side is diFided into nine parts, and lines {totgl ^^ ^^ 
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sions drawn across in opposite directions; the surface 
is therefore divided •into eighty-one squares. G. L, \ 
fig. 1, 13 the base line and D. D the horizon. 

1st. — To put the plan with Us divisions in perspecHvt, 
one of Us sides N. to coincide wUh the perspectivt 
plane. 

Transfer the measures from the side .'V. 0, fig. 2, to 
to JV. on the perspective plane fig. 1, and put the 
plan in perspective by the methods before described. 

2nd. — To erect square pillars on the squares N. Q. W, 
13 Jeet high and one foot diameter, equal to the 
nze of one of the squares on the plan. 

Isl, Erect indefinite perpendiculars from the corners 
of the squares, 

2nd. On JV. ^ one of the perpendiculars that touches 
the perspective plane lay off Ihe height of the column 
JV*. ^from the accompanying .scale, then JV. M is a 
LIKE OF HEtGUTS OH which the true measures of the 
heights of all objects must be set. 

3rd. Two lines drawn from the top and bottom of an 
object on the line of heights to the point of sight, point 
of distance, or to any other point in the horizon, forms 
a scale for determining similar heights on any part of 
the perspective plan. To avoid confusion they are 
here drawn to the point B. 

4th. Through M draw M. C parallel to JV. 0, and 
from C draw a line to the point of sight which deter- 
mines the height of the side of the column, and also of 
the back column erected on Q, and through the inter- 
section of the line C. S with the front perpendicular, 
draw a horizontal line forming the top of the front aide 
of the column Q. 
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5tli. To determine the height of the piHar at W, UU 
raw a horizontal line from its fbot intersecting the 
roportional scale JV. B in Y; 2nd. from Y draw a 
ertical line intersecting M. B in X; dien F. X is the 
leight of the front of the column W. By the same 
nethod the height of the column Q may be determined 
is shewn at jR. T. 

3rd. — To draw the Caps on the PiUars. 

1st. On the line C 17 a continuation of the top of 
the front, set off the amount of projection C Ej and 
through E draw a ray to the point of sight. 

2nd. Through C draw a diagonal to the point of 
distance, and through the point of intersection of the 
diagonal with the ray last drawn, draw the horizontal 
line H forming the lower edge of the front of the cap. 

drd. Through M draw a diagonal to the opposite 
point of distance, which determines the position of the 
comers H and X, from H draw a ray to the point of 
sight. 

4th. Erect perpendiculars on all the comers, lay off 
the height of the front, and draw the top parallel with 
the bottom. A ray from the comer to the point of 
sight, will complete the cap. 

The other caps can be drawn by similar means. 

As a pillar is a square co/imin,the terms are here 
^sed indiscriminately. 

^. — To erect Square Pyramids on and P of the 
same height as the Pillars^ toiih a base (^Jbur square 
feet^ as shewn in the plan. 

Ist. Draw diagonals to the plan of the base, and 
fiDm their intersection at it' draw the perpendicular 
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2nd. From if draw a line to the proportional scale 
JV. B, and draw the vertical line Z. G, which is the 
height of ihe pyramid. 

3rd. Make R.' T equal to Z. G, and from the cor- 
ners of the perspective plan draw lines to V, which 
complete the front pyramid. 

4th. A line drawn from Tto the point of sight will 
determine the height of the pyramid at a. 

NoTS 1 . — The point of sight S shewii in front of the colunm 
W, must be suppus^ to be really a long distance behind it, but 
an we only see the pnd of a line proceeding from the eye to llie 
point of sight, we can only represeol il by a dot. 

NoTB 2. — A part of the front colutim has been oniilled for the 
purpose of shewing the perspective sections of the remaining 
pans, the sidea of these sections are drawn toward the point of 
sight, the front and back lines are horizontal. The upper seciion 
is s little farther removed from the horizon, and is consequently t 
Lttle wider than the lower section. This may be taken as an il- 
lustration of the note lo paragraph 29 un page 104, to which iht 
reader is referred. 

Note 3. — The dotted lines on the plan shew the direction snJ 
boundaries of the shadows ; they hare been projected at an an^* 
of 45'' with the plane of the picture. 



Figure 1. 

To draw a Series of Semicircular Arches viewed direct- 
ly in front, forming a Vaulted Passage, with prO' 
jecting ribs at intervals, as skeum by the tinted pla^ 
below the ground line. 

1st. From the iop of the side walls JV. I and 0. FCj 
the front arch from the centre H, and radiate th* 
joints to its centre. 
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2nd. From the centre If and the springing lines of 
I the arch, and froni the corners A and M draw rays to 
I the point of sight. 

3rd. From A and M set off the projection of the ribs, 
land draw rays from the points so set off to the point of 
|»ight. 

4th. Transfer the measurements of J¥'. S". C", &c. 
n the p!an, to A'. S. C, &c,, on the ground line, and 

■ .from them draw diagonals to the point of distance, in- 
I tersecting the ray A. S in B. C. D, &c. 

5th. From the points of intersection in A. S draw 
j.lines parallel to the base line to intersect M. S. This 

■ gives the perspective plans of tlie ribs. 

6ih, Erect perpendiculars from the corners of the 
Kplans to intersect the springing lines, and through these 
§interseclions draw horizontal dotted lines, then the 
[points in which the dotted lines intersect the ray drawn 
I H the centre of the front arch, will be the centres 
for drawing the other arches; ii being the centre for 
■jdescribing the front of the first rib. 

7th. The joints in the fronts of the projecting ribs 

Kiadiate to their respective centres, and the joints in 

the soffit of the arch radiate to the point of sight. 

NoT£. — No Hllempt is made in ihia diagram lo project the 

Kdows, as it would render the lines too obscure. But the front 

tf each projection is tinled to make it more conspicuous. 



FlGUBE 2. 



I To draw Semicircular or Pointed Arcades on either 
side of the spectator, running parallel to Ike middle 
visual ray. N. P and Q. the width of the arches 
being given, and P. Q the space between them. 

1st. From JV. P. Q and erect perpendiculf 
linakethem all of equal length, anddra'w E. FaniM. 3. 
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2nd. Fob THE sEMicrscirLAE arches, bisect £■ F 
in C, and from E. C. F. and Q, draw rays to the 
point of sight. 

3rd. From C, describe the semicircle E. F. 

4th. Let the arches be the same distance apart as 
the widlh Q. 0, then from draw a diagonal lo the 
point of distance, cutting Q. S ii\ R, from R draw a 
diagonal lo the opposite point of- distance cutting 0. 
iSin F, from Fdraw a diagonal to D, culting Q. Sin 
W, and from W\o ff, cutting 0. S in X 

5lh. Through R. V. IT and X, drawhorizontailioes 
to intercept the rays 0. 5 and Q. S, and on the inter- 
sections erect perpendiculars to meet the rays drawn 
from E and F. 

6th. Connect the tops of the perpendiculars by hori- 
zontal lines, and from their intersections with the raj 
drawn from C in 1, 2, 3 and 4, describe the retiring 
arches. 

7th, For the gothic arches, (let them be drawn 
the same distance apart as the semicircular,) continue 
the horizontal lines across from R and V, to intersect 
the rays P. S and JV". S, and from the points of inter- 
section erect perpendiculars to intersect the rays drawn 
from ^and J. 

8ih. From M and J successively, with a radius M. 
J, describe the front arch, and from H the crown, draw 
a ray to S; from ^ and B with the radius ji. B, de- 
scribe the second arch, and from K and L, describe the 
third arch. 

Note.— All the arche* in this plate we piwlW to the plane of 
the picture, and although each succeeding arch is smaller than 
the arcb in Groni of it, all may be described with tbe compaMea. 
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PLATE XLI. 

TO DESCRIBE ARCHES ON A VANISHING PLANE. 



The FS-oDt ^rch A. N. B, tke Base Line G. h, Borv- 
zOfi D. S, Poini of Sight S, and PoiiU of Distance D, 
being given, 

1st. Draw ff. J actoss the springing linfe of the arch, 
and construct the parallelogram E. F. J. H. 

2nd. Draw the diagonals H. F and J. E, and a hori- 
zontal line K, M, through the points where the diago- 
nals intersect the given arch. Then H. K. Jf. M and 
J, are points in the cur\^ which are required to be 
found in each of the lateral arches. 

3rd. From F and jB, draw rays to the point of sight 
S. Then if we suppose the space formed by the tri- 
angle fi. S, jF to be a plane surface, it will represent 
the vanishing platie on which the arches are to be 
drawn. 

4th. Prom S, set off the distance S. A t6 Z, and 
draw rays from Z. / and C, to the point of sight. 

6th. From Z, draw a diagonal to the point of dis- 
tance, cutting B. Sin 0; through 0, draw a horizon- 
tal line cutting Z. S in P ; from P, draw a diagonal 
intersecting B, S in Q; through Q, draw a horizontal 
line, cutting Z. S in R, and so on for as tnany arches 
as may be required. 

6lii From 0. Q. S and U, erect i^et^advo^sn.^ 
cutting-/; ^m F. W. Xand Y. 
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7lh. Draw the diagonals /. V, F. I, &c. as shewnin 
the diagram, and from their intersection erect perpen- 
diculars to meet F. S; through which point and the 
intersections of the diagonals with C. A' trace the curvea. 



FiGUEE 3. 



7b draw Receding Arches on the VanishiTig Plane J. 
S. D, loith Piers between them, corresponding leith 
tlie given front view, the Piers to Have a Square Bast 
loiih a side equal to C. D. 

Ist. From D on the base line, set off the distances 
D. C, C. B and B. A to D. E, E. F and F. G, and 
from E. F. G, Slc. draw diagonals to the point of dis- 
tance to intersect D. S. 

2nd, From the intersections in D. S, erect perpen- 
diculars; draw the paralielegram M. JV. H. /around the 
given front arch, the diagonals JH. I and tl. JV, and 
the horizontal Sine L. K, prolong //, / to J and M. J^'' 
to V, 

3rd. From B. C. D. M. f. J. K and V, draw rays 
to the point of sight, put the parallelograms and diago- 
nals in perspective at O. P. V. Wznd at Q. W. S. X, 
and draw the curves through the points as in the lut 
diagram. 

4th. From t where E. Sf cuts JD. iS, draw a boiison- 
tal line cutting B. S in A, and from k erect a perpen- 
dicular cutting M. S in k. 

6th. From Y, the centre of the front arch, draws 
ray to the point of sight, and from k, draw a horizontal 
line intersecting it in Z. Then Z is the centre for de- 
scribing the back line of the arch with the distance Z- 
i for a radius. 
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PLATE ZLI. ' 123 

Note. — The backs of the side arches are found by the same 
method as the fronts of those arches. The lines are omitted to 
avoid confusion. 

The projecting cap in this diagram is constructed in the same 
manner as the caps of the pillars in Plate 39. 



PLATE Xiri. 

APPLICATION OF THE CIRCLE WHEN PARAL- 
LEL TO THE PLANE Or THE PICTURE. 



^0t0*0^0^0^0*0*0^0m0*0^0*0^^^0*0*^^^f^^0*^^ 



V. L is the horizon, and S the point of sight. 

Figure 1. 



To,draiw a Semicircular Thin Band placed above the 

horizon. 

Let the semicircle jf. JB represent the front edge of 
the band, jf. B the diameter, and C the centre. 

1st. From jf. C and JB, draw rays to the point of 
fight. 

.2Qd. From C the centre, lay off toward JB, the 
breadth of the band C E. 

3rd. From JS, draw a diagonal to the point of dis- 
tance, intersecting C S in F. Then F is the centre for 
describing the hack of the band. 

4th. Through Fj draw a horizontal line intersecting 
^. S in £, and B. S in L. Then F. K or F. L is the 
radius for describing the back of the batvd« 
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To draw a Circular Hoop with Us side restiTig on the 
Horizon, 

The front circle ^. H. B. K, diameter ^. B, and 
centre C being given. 

1st. From ^. C and B, draw rays to the point of 
Bight. 

2nd. From C the centre, lay off the breadth of the 
hoop at E. 

3rd. From E, draw a diagonal to Z)', intersecting 
C. S in F, and through F, draw a horizontal line inter- 
secting Ji. S in K, and B. S in L. 

4th. From J" with a radius F. L or F. K, describe 
the back of the curve. 



To draui a Cylivdrical Tub placed helow the Horizon, 
Kho»e diameter, depth and thickness are given. 

1st. From the centre C describe the concentric cir- 
cles forming the thicknesB of the tub, lay off the staves 
and radiate them toward C 

2nd. Proceed as in figs. 1 and 2 to draw rays and a 
diagonal to find the point F, and from F describe the 
back circles as before; the hoop may be drawn from F, 
by extending the compasses a little. 

3rd. Radiate all the lines that form the joints on the 
sides of the tub toward the point of sight. 



FlGUEE 4 

/* a boUow cylinder placed below the horizon, and 
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must be drawn by the same melioil as the preceding 
figures ; the letters of reference are the same. 

Note.— The objecis in liiia Plate are tinted to shew the difler- 
eal surfaces more distioclly, without attempting to project the 
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The ohject and point of view given, tojind the Perspec- 
tive Plane and Vanishing Points. 

Rule 1. — The Perspective plane must be drawn 
perpendicular to the middle visual ray. 

Rule 2.— The Vanishing Point of a line or plane 
is found by drawing a line through the station point, 
parallel with such line or plane to intersect the perspec- 
tive plane. The point in the horizon immediately over 
the inteisection so found, is the vanishing point of all 
horizontal lines in said plane, or on any plane parallel 
to it. 

Ist. Let the parallelogram E. F. G. H be the plan 
of an object to be put in perspective, and let Q be the 
position of the spectator viewing it, (called the point 
of view or station point,) with the eye directed toward 
K, then Q. K will be the central visual ray, and K the 
point of sight. Draw F, Q and H. Q, these are the 
external visual rays. 

NoTB. — The student should refer to paragraphs 30 and 31, p. 
104, for ihe dettnilions o( stalion point and point of light. 

2nd. Draw P. at right angles to Q. K, touching 
the comer of the given object at E, then P. vnll be 
the base of the perspective •plane. 
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NuT« — Tliis pojiiiun of tlie perepecliTe plane, is the fanheat 
point from the specinior al which it can be placed, as the whole 
of the object viewed must be behind it; but it may be placed al 
any iDlennediBle point nearer the Bpeclolor parallel with P. O. 

3rd. Through Q draw Q. P parallel with E. F, in- 
lersectiiig the perspective plane in P, then P is the van- 
ishing point of the lines E, F and G. H, 

4th. Through Q draw Q. O, parallel to E. H, inter- 
secting the perspective plane in 0, then is the van- 
Uking point for E. H and F. G. 

&th. If we suppose the station point to he removed 
A, then A. M will be the central visual ray, A. F 
and A. H the external rays, and B. D the perspective 
plane, B the vanishing point of E. F and G. H, and 
inishing point of E. ii" and F. G will be outside 
the plftte about vii inches distant from A, in the direc- 
tion of ^. a 

6th. If the station point be removed to K, it will be 
perceived that E. Hand F. G will have no vanishing 
point, because they are perpendicularto the middle ray, 
and a line drawn through the station point parallel with 
the side E. /f will also be parallel with the perspective 
plane, consequently could never intersect it. 

7th. The sides E, F and G. i?of the plan, would 
vanish in the point of sight, but if an elevation be 
drawn on the plan in that position which should extend 
e the horizon, then neither of those sides could be 
seen, and the drawing would very nearly approach to a 
geometrical elevation nf the same object. 

— Id ihe explannljon of this plale, the ialer^ections giv- 
ing the point of sight and vanishing points, are made in the per- 
spective plane, which the student will remember when used in 
lection, is Miuivalent to ihe base line or ground line uf 
the picture, being the teat or poiUiim of the phne on loUcA the 
drMoing u to be made; but we must suppose these points to be 
elevated to the hejghtof the eye of the specv&vui-, inptactice, these 
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points must be set off on the horizontal line as described in parar 
graph 32, page 104. 



PLATE XLIV. 



^*l^^^^t^t^»^t^t^^^^>^^*^*^>^^^^t^^^S^ 



To delineate the perspective appearance of a Cube vieW' 
ed accidentally and situated beyond the Perspective 
Plane. 



Figure 1. 



Let ^. JB. C D be the plan of the cube, S the sta- 
tion point, S. T the middle visual ray and B. L the 
base line, or perspective plane. 

1st. Continue the sides of the plan to the perspec- 
tive plane as shewn by the dotted lines, intersecting it 
in Jlf. J5. JVandO. 

2nd. From the corners of the plan draw rays to the 
station point, intersecting the perspective plane in a. d. 
h. c. 

3rd. Through S, draw S. F parallel to ^. J), and S. 
G parallel to D. C. Then F is the vanishing point for 
the sides A. D and B. C ; and G is the vanishing paint 
for the sides A. B and D. C. 



^*^^^^^^^^^^^^^i^^^^m09^m^t^i^i^t0m^0t 



Figure 2. 



4th. Transfer these intersections from B. i, fig. 1, 
to B. X, fig. 2, and the vanishing points F and G to 
die horizon, as shewn by the dotted lines. ^ 

5tb. From £ and M, draw Vines lo ^e n?okv^vi\^ 
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lint G, and from JVand 0, draw lines to the vanish- 
ig point F. Then the trapezium A. B, C. D/ormed 
the intersection of these lines, is the perspective view 

the plan of the cube. 

To DRAW THE ELevATioN. At M. E. JVand 
10 erect perpeniliculars and make them equal to the 

fside of the cube. 

7th. From the tops of these perpendiculars draw lines 
to the opposite vanishing points as shewn by the clotted 
lines, their intersection will form another trapezium 
parallel to the first, representing the top of the cube. 

8th. From Ji. D and C, erect perpendiculars to com- 
plete the cube. 

[t is not necessary lo ereci pprpeniiiculars from all ibe 
points of icterseciion, to draw the represenuilian, but it la done 
here, lo prove that the height of an objett may be set on any per 
peniliculnr erected at the point where the plane, or line, or a con- 
(inualion of a line intersects the perspective plane j one such line 
of elevation is generally suOicient. 

9th, To draw the figure with one line of heights, 
proceed as follows : from .^, D and C, erect indefinite 
perpendiculars. 

10th. Make E. H equal to Ihe side of the cube, and 
from H draw a line to G, cutting the perpendiculars 
from D and C in A' and L. 

11th. From K, draw a line to F, cutting A.P'm P; 
from /,, draw a line to F, and from P, draw a line to 
G, which completes the figure. 

NoTt. — The student should observe how the lines and hori- 
zontal planes become diminished as they approach toward die 
horizon, each successive line becoming shorter, and each plane 
narrower until at the height of the eye, the whole of the lop j 
would be represented by a straight line. I would here remark, 
that it would very materially aid the student in his knowledge I 
of perspective, if he wovild always make it a rule to analyze 
parts of every diagram he draws, observe the changes which B 
lake place in the forms of obiccts >mW'q 'pWei va &\9«tca(, ^ 
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tioBs on tbe plan, and when they are pboed above or below the 
horizon al different distances; this would enable him at once lo 
detect a false line, and would also enable him to sketch from 
nature with accuracy. Practice this always until it becomes a 
HABIT, and I can assure you it will be a source of mnch grati- 
fication. 



PLATE XLV. 



TO DRAW THE PERSPECTIVE VIEW OF A ONE 
STORY COTTAGE, SEEN ACCIDENTALLY. 



^^0^m^t0*0*0^0^m^^t0^m0*^*0*0*^t0^0^0t0 



Figure 1. 



Let A, B. C D be the plan of the cottage, twenty 
feet by fourteen feet, drawn to the accompanying scale ; 
the shaded parts shew the thickness of the walls and 
position of the openings, the dotted lines outside 
parallel with the walls, give the projection of the roof, 
and the square E. F. G. fl, the plan of the chimney 
above the roof. 

Let P. Xr be the perspectiye plane and S the station 
point. 

1st. Continue the side B. D to intersect the per- 
spective plane in IT, to find the position for a line of 
heights. 

2nd. From all the corners and jambs on the plan, 
draw rays toward the station point to intersect the per- 
spective plane. 

3rd. Through S' draw a line parallel to the side of 

the cottage D. C, to intersect the perspective plane in 

L. This gives the vanishing point for the ends of the 

building and for all planes pamllel to it, viz : the side 

of the chimney J and jambs of tVie doox ^TviimxAwR^, 
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4th. Through S draw a line parallel with B. D, to 
intersect ihe perspective plane, which it would do at 
some distance outside of the plale ; this intersection 
would be the vanishing point for the sides of the 
cottage, for the tops and bottoms of the windows, the 
ridge and" eaves of the roof, and for the front of tha 
chimney. 



Let ui suppose the paraUelogTam P L, W. X io 6« a 
tep<trate piece of paper laid on the other, Us top edgt 
coinciditig with the perspective plane of Jig. \,and 
its bottom edge W. X to be the base of the picture, 

t/ien proceed as follows: 

lat. Draw the horizontal line R. T parallel to W. X 
and five feet above it. 

2nd. Draw H. K perpendicular to P. L for a line of 
heights. 

3rd. Draw a line from K to the vanishing point 
without the picture, which we will call Z; this will 
represent the line H. B of fig. 1, continued indefinitely. 
From 6 and d draw perpendiculars to intersect 
the last line drawn, in o and e, which will determine the 
perspective length ofthefroiit of the house. 

5th. On A". H set off twelve feet the height of tho 
walls, at 0, and from draw a line to the vanishing 
point Z, intersecting d. e'mm and b. o in n. 

6th. From m and e draw vanishing lines to T, and 

perpendicular from c intersecting them in Fand s; 
this will give the corner Y, and determine the depth of 
ihe bidldhg. 

7th. Find the centre of the vanishing plane repre- 
senting the end, by drawing l\ie dla^onsAa m, Y aivd 
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■nd through their intersection draw an imlelinlte per- 
pendicular «. V, vihich wUl give the position of the gable. 

8th. To FIND THE HEIGHT OF THE GABLC, SCt ofF 

ts proposed height, say 7' 0", from to JV on the line 
rf heights, from JV draw a ray to Z, intersecting e. d in 
W, and from W draw a vanishing hne to T intersecting 
(. V in V, then v is the peak of the gable. 

9th. Join m. V, and prolong it to meet a perpen- 
licular drawn thrcjgh the vanishing point T, which it 
iriil do :r. V, then V is the vanishing point for the in- 
clined lines of the ends of the front half of the roof. 
the ends of the backs of the gables will vanish in a 
loint perpendicularly below V, as much below th) 
lorizon as V is above it. 

10th. For THE Roof. Through v draw v. y to 
Srithout, to form the ridge of the roof, fromyiet fall a 
Ijerpendicular to intersect y. v in w, through w draw a 
^neto the vanishing point V \o form the edge of the 
roof. From d let fall a perpendicular to intersect V. 
lo, and from the point of intersection draw a line to Z 
to form the front edge of the roof, from a let fall a per- 
jKndicular to define the corner x, and from x draw a 
ine to V intersecting w. y \n y, which completes the 
froTit half of the roof; from w draw a line to the van- 
ishing point below the horizon, from e let fall a perpen- 
dicular to intersect it in g, and through g draw a line 
to Z, which completes the roof. 

11th. For THE Chimney. Set off its height above 
Ihe ridge at M, from M draw a line toward the vanish- 
ing point Z, intersecting o. b in U, from U'draw a line 
to the vanishing point T, which gives the height of the 
chimney, bring down perpendiculars from rays drawn 
from G. F and E, fig. 1, and complete the chimney by 
Vanishing lines drawn for the front toward Z and for 
the side toward T. 
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12th. Foa THii Dooa AND Windows. Set off their 
leights at P. Q and draw lines toward Z, bring down 
perpendiculars from the rays as before, to intersect the 
j lines drawn toward Z; these lines will detecmine tlie 
I breadth of the openings. The breadth of the jambs are 
I found by letting fall perpendiculars from the points of 
I intersection, the top and bottom lines of the jambs are 
I drawn toward T. 

Note 1. — As ihe bottom of the front fence if contjnued, would 
intersect the base line at K the foot of tbe line of heights, and its 
top is in the horizon, il is therefore &ve feet high. 

Note 2. — The whole of the Hoes in this digram have been 
projected according lo the roles, to explain to the learner the 
methods of doing so, and it will be necessary for him to do eo 
until he is perfectly familiar with the subject. Btit if he will fol- 
low the rule laid down at the end of the description of the last 
plate, be will soon be enabled to complete his drawing by hand, 
after projecting the principal lines, but it should not be nilempted 
too early, as it will beget a careless method of drawing, and pm- 
Tent him from acquiring a correctjudgment of proportions. 
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THE FRONTISPIECE 

Is a perspective view of a street sixty feet wide, as 
viewed by a person standing in the middle of the 
street at a distance of 134 feet from the perspective 

I plane, and at an elevation of 20 feet from the ground lo 
the height of the eye. The horizon is placed high for 
the purpose of shewing the roofs of the two story 

' dwellings. 
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The diraensions of Ihe different parts are as follows : 

1st. — ^Distances acboss the Pictube. 
Centre street between the houses 60 ft. wide. 

Side walks, each 10 " 

Middle space between thellnes of railway 4 6 " 
Width between the rails 4 9 " 

Deplh of three story warehouse 40 feet. 

Depth of yard in the rear of warehouse 20 " 
Depth of two story dweltiog on the right 30 " 

DlSTANCIi:S FKOM THE SPECTATOR, IS THE LiNE OF 

THE Middle Visual Rav. 

From spectator to plane of the picture 134 feet. 

From plane of picture to the corner of buildings 50 " 

Front-of each house 20 " 

Front of block of 7 houses 20 feet each 140 *' 

Breadth of street running across between ) ftn u 

the blocks $ 

Depth of second block same as the first 140 " 

Depth of houses on the left of the picture, ) An tt 

behind the three story warehouses j 

To Draw the Picture. 

1st. Let C be the centre of the perspective plane, 
H. L the horizon, S the point of sight. 

2nd. From C on the line P. P, lay off the breadth 
of the street thirty feet on each side, at and 60, 
making sixty feet, and from those points draw rays to 
the point of sight ; these give the lines of the fronts of 
the houses. 

3rd. From lay off a point 50 feet on P. P, and 
draw a diagonal from that point to the point of distance 
without the picture ; the intersection of that diagonal 
wKh the ray from 0, delermines VW totuex cil "^t 
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building; frnm the paint of intersection erect a perpen- 
dicular to B. 

4th. From 50, luy off spaces of 20 feet each at 70, 
90 and sn on, and from the points so laid off draw 
diagonals to determine by their intersection with the 
Tdy from 0, the depth of each house. 

6ih. After the depth on 0. S is found for three 
houses, the depths of the others may be found by draw- 
ing diagonals to the opposite point of distance to inter- 
sect the ray 60 S, as shewa by tlie dotted iines, 

Note. — As a diagonal drawn lo the puint of distance forrns an 
angle of 45° with liie plane of liie picture, it follows that a diago- 
nal drawn from a ray lo another parallel ray, will intercept on 
itiai ray a space equal (o the distance between ihem. Therefore 
as the street in the diagram is 60 feet wide and the front of eacK 
house is SO feei, it follows that a diagonal drawn from one aide 
of the street lo the other will intercept a space equal to the fronts 
of three houses, as shewn in the drawing. 

6th. Lay off the dimensions on the perspective plane, 
of the depth of the houses, and the position of the 
openings on the side of the warehouse, and draw rays 
to the point of sight as shewn by the dotted lines. 

7th. At erect a perpendicular to D for a line of 
heights; on this line all the heights must be laid off to 
the same scale as the measures on the perspective 
plane, and from ihe points so marked draw rays to the 
point of sight to intersect the corner of the building at 
B. For example, the height of the gable of the ware- 
house is marked at Jl, from j9 draw a ray toward the 
point of sight intersecting the corner perpendicular at 
B; then from B, draw a horizontal line to the peak of 
thegaljle; the dotted lines shew the position of the 
other heights. 

8th. To find the position of the peaks of (he gablea 
the Iwuses in the rear of the warehouse, draw ntyi 
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from the top and bottom corner of the front wall to the 
point of sight, draw the diagonals as shewn by the 
dotted lines, and from their intersection erect a perpen- 
dicular, which gives the position of the peak, tfie inter- 
section of diagonals in this manner will always deter- 
mine the perspective centre of a vanishtTig plane. The 
height may be laid off on 0. D at D, and a ray drawn 
to the point of sight intersecting the corner perpen- 
dicular at C, then a parallel be drawn from C to inter- 
sect a perpendicular from the front corner of the build- 
ing at E, and from that intersection draw a ray to the 
point of sight. The intersection of this ray, with the 
indefinite perpendicular erected from the intersection of 
the diagonals, will determine the perspective height of 
the peak. 

9th. The front edges of the gables will vanish in a 
point perpendicularly above the point of sight, and the 
back edges in a point perpendicularly below it and 
equidistant. 

10th, As all the planes shewn in this picture except 
those parallel with the plane of the picture are parallel 
middle visual ray, all horizontal lines on any of 
them must vanish in the point of sight, and inclined 
lines in a perpendicular above or below it, as shewn by 
the gables. 
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1 St. The quantity of light reflected from the surface 
of aa object, enables us to judge of its distance, nnd 
also of its form and position. 

2nd, On referring to paragraph 9, page 98^ it will 
be found that light is generally considered in three 
degrees, viz : light, shade and shadow ; the parts 
exposed to the direct rays being in light, the parts in- 
clined from the direct rays are said to be in shade, and 
objects are said to be in shadow, when the direct rays 
of light are intercepted by some opaque substance being, 
interposed between the source of light and the object. 

3rd. The form of the shadow depends on the form 
and position of the object from which it is cast, modi- 
fied by the form and position of the surface on which 
it is projected. For example, if the shadow of a cone 
be projected by rays perpendicular to 'its axis, on a 
plane parallel to its axis, the boundaries of the shadow 
will be a triangle; if the cone be turned so that its 
axis be parallel with the ray, its shadow will be a 
circle; if the cone be retained in its position, and 
the plane on which it is projected be inclined in either 
direction, the shadow will be an ellipsis, the greater 
the obliquity of the plane of projection, the more elon- 
gated will be the transverse axis of the ellipsis, 

4th. Shadows of thf, same form may be cast by 
DIFFERENT figures : for example, a sphere and a flat 
circular disk would each project a circle on a plane 
perpendicuhr to the rays of lig^i^i so si*-** "«a\i.\d a cone 
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antl a cylinder with their axes parallel to the rays. 
The sphere would cast the same shadow if turned ia 
any direction, but tlte flat disk if placed edgeways to 
the rays, would project a straight line, whose length 
would be equal to the diameter of the disk and its 
breadth equal to the thickness ; the shadow of the cone 
if placed sideways to the rays would be a triangle, and 
of the cylinder would be a parallelogram. 

5th, Shadows of regular figures if projected on a 
plane, retain in some degree the outline of the object 
casting them, more or less distorted, according to the 
position of the plane ; but if cast upon a broken or 
rough surface the shadow wiil be irregular. 

6th. Shadows projected from angular objects are 
generally strongly defined, and the shading of such 
objects is strongly contrasted ; thus if you refer to the 
cottage on Plate 45, you will perceive that the vertical 
walls of the front and chimney are in light, fully ex- 
posed to the direct rays of the sun, while the end of 
the cottage and side of the chimney are in shade, being 
turned away from the direct rays, the plane of the roof 
is not so bright as the vertical walls, because, although 
it is exposed to the direct rays of light it reflects thera 
at a different angle, the shadow of the projecting eaves 
of the roof on the vertical wall forms a dark unbroken 
line, the edge of the roof being straight and the sur- 
face of the front a smooth plane, the under side of the 
projecting end of the roof is lighter than the vertical 
wall because it is so situated as to receive a larger pro- 
portion of reflected light. 

Tth, Shadows projected from circular objects are 
also generally well defined, but the shadings instead of 
being marked by broad bold lines as they are in rect- 
angular figures, gradually increase from bright V\s^ 
to the darkest shade and again receAe a^ ^ive t>y^ws*» 
1^ 
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side is modified by the reflections from surrounding ob- 
jects, so gradually does the change take place that it 
is difficult to define the exact spot where the shade 
commences, tlie lights and shades appear to melt into 
each other, and by its beautifully swelling contour eoa- 
bles us at a glance to define the shape of the object. 

8th, DD[iBi,E Shadows. — Objects in the interior of 
buildings frequently cast two or more shadows in op- 
posite directions, as they receive the light from oppo- 
site sides of the building ; this effect is also oflen pro- 
duced in the open air by the reflected light thrown from 
some bright surface, in this case however, the shadow 
from the direct rays is always the strongest; in a room 
at night lit by artificial means, each light projects a 
separate shadow, the strength of each depending on 
the intensity of the light from which it is cast, and its 
distance from the object ; the student may derive much 
information from observing the shading and shadows 
of objects from artificial light, as he can vary the angle, 
object and plane of projection at pleasure. 

9th. The extent of a shadow depends on the angle 
of the rays of light. If we have a given object and 
plane on which it is projected, its shadow under a 
clear sky will vary every hour of the day, the sun's 
rays striking objects in a more slanting position in the 
morning and evening than at noon, projects much long- 
er shadows. But in mechanical or architectural draw- 
ings made in elevation, plan or section, the shadows 
should always be projected at an angle of 45°, that is 
to say, the deplh of the shadow should always be equ;d 
to the breadth of the projection or indentation; if this 
rule is strictly followed, it will enable the workman to 
spply his dividers and scale, and ascertain his projec- 
tions correctly from a single drawing. 
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Note. — Tlip besl melhod for drawing linea at ihia angle, is to 
use wiih ihe T square, a. right angled Iriangkwiilt equal aides, 
the hypotheause will be at an angle □! 45° with the sides ; with 
the hypQlheDUse placed against the edge of the square, lines may 
be drawn at the requited tingle on either side. 
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PRACTICAL EXAMPLES FOR THE PROJECTION 
OF SHADOWS. 



Is a square shelf supported by two square bearers 
projecting from a wall, T/te surface of the paper to 
represent the wall in all the following diagrams. 

1st. Let A. B. C. D be Hie plan of the shelf; j1. B 
its projection from the line of the wall IV. X; B. D the 
length of the front of Uie shelf, and E and F the plans 
of the rectangular bearers. 

2iiU, Let G. H be the elevation of the shelf shewing 
its edge, and / and K the ends of the bearers. 

3rd. From al! the projecting corners on the plan, 
draw lines at an angle of 45° to intersect the line of 
the wall W. X, and from these intersections erect in- 
definite perpendiculars. 
1 4th. From all the projecting corners on the eleva- 
I lion, draw lines at an angle of 45° to intersect the per- 
1 pendiculars from corresponding points in the plan; the 
I points and lines of intersection delinethe outline of the 
as shewn in the diagram. 
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Is a square Shelf against a wall supported by (wo Sfiun 
Uprights. 

L. M. jr. is the plan of the shelf, P and Q the 
plans of the uprights, R. S the front edge of the sbelf, 
Tand F the fronts of the uprights. 

1st. From the angles on the- plan draw lines at an 
angle of 45° to intersect W. X, and from the intersec- 
tions erect perpendiculars, 

2nd. From R and S, draw lines at an angle of 45^ 
to intersect the corresponding lines from the plan. 



Figure 3 

Is a Frame with a seirdctrcular head, nailed agtanst s 
wall, Ike Frame coniaining a sun/c Pajiel of the sam 
firm. 

lat. Let A. B. C. D be the section of the frame and 
panel across the middle, and Fon the elevatioa of the 
panel, the centre from which the head of the panel and 
of the frame is described. 

2nd. From E, draw a line to intersect the face of the 
panel, and from D to intersect W. X, and erect the per- 
pendiculars as shewn by the dotted lines. 

3rd. From JVand JV,' draw lines to define the bot- 
tom shadow, and at L draw a line at the same ai^e 
to touch the curve. 

4th. At the same angle draw F. G, make F. H equal 
to the depth of the panel, and F. G equal to the thick- 
ness of the frame. 

5th. From H with the radius F. B, describe the 
shadow on the panel, and from G with the radius F. 8^ 
ihscribe the shadow of the ^tamt. 
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Note. — The Wngent drawn at L and the curve of ihe shadow 
touch the edge of the frame in the same spot, hut if the propor- 
tions were different they would not do so; therefore it is always 
betler lo draw the tangent. 



FiGUKE 4 

h a (XrcJilar Stvd representwig an enlarged view ofont 
of the JVail Heads used in ike last diagram, of which 
N. 0. P is a section through the middle, and W. X 
the face of the frame. 

1st. Draw tangents at an angle of 45° on each side 
«f tiie curve. 

2nd, Through L the centre, draw L. M, and make 
L. M equal to the thickness of the stud. 

3rd. From .1/, with the same radius as used in de- 
'jBcribing the stud, describe the circular boundary of the 
shadow to meet the two tangents, which completes the 
«ulline of the shadow. 



Ir s Square Pillar standing at a short distattce infrorU 
of the wall W. X. 

Ist. Let A. B. C. D be the plan of the pillar, and 
W. X the front of the wall, from jf . C. D dram lines to 
W. X, and from their intersections erect perpendiculars. 

2nd. Let E. F. G. H be the elevation of the pillar, 
from f draw F. K. i to intersect the perpendiculars 
from Cand D. 

3rd. Through K, draw ahorizontal line, which com- 
pletes the outline. The dotted lines shew the position 

the shadow on the wall behind the y^^^- 
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SHADOWS — CONTINUED. 



Is the Elevalion and Fig. 2 the Plan of a Flight of 
Steps wUK rectangular Blochirigs at the ends, the 
edge of the top step even with the Jace of the toail. 

1st. From -4. B. C and D, draw lines at an angle 
of 46". 

2nd. From F where the ray from C intersects the 
edge of the iront step, draw a perpendicular to JV, 
which defines the shadow on the first riser. 

3rd. From Q where the ray from C intersects the 
edge of the second step, (iitrw a perpendicular to M, 
which defines the shadow on the second riser, 

4th. From K where the ray from ^ intersects lh( 
top of the third step, draw a perpendicular to 0, which 
defines the shadow on the top of that step, 

5th. From L where the ray from ^ intersects the lop 
of the second step, draw a perpendicular to //inter- 
secting the ray drawn from Cin H, which defines the 
Ghadow on the top of the second step. 

6th, From P where the ray from B intersects the 
ground line, draw a perpendicular to intersect the ray 
drawn from D in E; this defines the shape of the 
shadow on (he ground. 
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Figure 3. 



To draw the Shadow of a Cylinder upon a Vertical 

Plane. 

Rule, — Find the position of the shadow at any num 
ber of points. 

1st. From ^ where the tangental ray (at an angle 
of 45°) touches the plan, draw the ray to W. JC, and 
from the intersection erect a perpendicular. 

2nd. From A erect a perpendicular to B, and from 
£ draw a ray at 45° with A. B to intersect the perpen* 
dicular from A in L. This defines the straight part of 
the shadow. 

3rd. From any number of points in the plan E. H^ 
draw rays to intersect the wall line W, Xj and from 
these points of intersection erect perpendiculars. 

4th. From the same points in the plan erect perpen- 
diculars to the top of the cylinder, and from the ends 
of these perpendiculars draw rays at 45° to meet the 
perpendiculars on the wall line ; the intersections give 
points in the curve. 

Note 1. — ^The outlines of shadows should be marked by faint 
lines^ and the shadow put on by several successive coats of India 
ink. The student should practice at first with very thin color, 
always keep the camel hair pencil full, and never allow the edges 
to dry until the whole shadow is covered. The same rule will 
apply in shading circular objects ; first wash in all the shaded 
parts with a light tint, and deepen each part by successive layers, 
always taking care to cover with a tint all the parts of the object 
that require that tint ; by this means you wiU avoid harsh out- 
lines and transitions, and give your drawing a soft agreeable 
appearance. 

Note 2. — The lightest part of a circular olject is where a tan- 
gent to the curve is perpendicular to the ray as at P. The darkest 
part Is at the point where the ray is tangental to the curve as at 
Ji, because the surface beyond tiiat point receives more or less 
rejected light from surrounding objects. 
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THEORY OF COLOR, 

AND ITS APPLICATION TO 

AEOHITECTURAL AND MECHANICS 

DRAWINGS. 

THE THEORY. 

Whex we survey, willi attention, tlie beautiful 
coloring of the works of natore, we cannot fail to 
perceive the almost intinite variety of tints and hues 
which the landscape is composed, and however its 
tone may be modified by the state of the atmosphere, 
by the chaiigcB of the season, or by the degree of 
light with which it is illnmiuated, we shall always find 
these colors blended or contrasted harmoniously; t'orm- 
ing a glorious whole, highly Batisfactory when viewed 

I in msBH, and much more so when analyzed and ex- 
amined in detail. 
But numei-ous afi are those hues, it has been demon- 
strated that all are composed of threu primary uolors, 
VUE. ; 
I Tl 
t 
I 



Yellow, Red, and Blub. 
These names, however, are commonly applied to 
iriouB tints of the colors, and therefore do not 

to the mind a sufficiently definite idea; t 
'y may be seen in their pwra briWvainc-j, \a ^^^^^1 
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flowers of the Yellow Jasmine, the Red Greraniai 
and the Blue Sage, 

We seldom find them used in their intensify, i■■^ 
nature's own painting; and cbieSy on the emallex* 
gems with which she loves to dceorate her bosonm , 
trora which the above examples have been selected , 
and even here they are used so sparingly that few ex- 
amples of the pure, nnmixed, primary colors can \>^> 
found; so especially is this the case with blae, tha-t 
many horticnltnrists affirm that a perfectly blue flowe^v 
ia unknown in natnre; but our example will give *i 
tolerably accurate idea of the color. 

LiGRT, Shade, and Shadow have already been 
treated of at pages 96, 97, 98, 138, and 137 of th e 
Drawing-Book. I would advise the student to rea.<3 
again the explanations there given, to aid him in 
nnderstanding some of the experiments that have 
been made with rays of light, from which our present 
theory of colors have been derived. 

Paragraph 5, page 82, says : When a ray of light 
passes from a rare to a more dense medium, it is bent 
out of its direct course, etc., this effect is called refrac- 
tion. Experiments have proved, that a ray of white 
light from tfae sun is not homogeneous in its composi- 
tion ; that some portions of it are capable of being 
refracted or bent out of a direct course, to a much 
greater angle than other portions of the same ray, 
and when so refracted, the ray is dissected and ex- 
hibits several different colors. This discovery we owe 
to Sir Isaac Newton, who made the following experi- 

In a darkened room, he cansed a small bole to be 
bored in a window-shutter, through which a ray of 
light from the sun could pass freely in a straight line, 
irhiob, falling on a white screen, placed for the purpose, 
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exhibited a circular spot of wbite light (corresponding 
in diameter to the hole in the ehntter, appearing the 
i brilliant from its contrast with the surrounding 

He then interposed a Iriangalar prism made of col- 
i-less glass, which, receiving the ray on one of its sides, 
refracted it from its direct course toward the upper 
portion of the screen, forming an elongated image of 
inn, composed of seven different colors of the most 
intensely brilliant character, arranged in the following 
order, commencing at the top : 

ViOtET, 

Indigo, 

Blub, 

Gkbkn, 

Ykixow, 
Oramg«, 
Rbu. 
This elongated image he called the " Solsk Spbo- 
TEUM." The elongation is caused by the difierent 
ee of refrangibility of the oolors of which the 
iFas composed. Thus red is less refrangible than 
omnqe — orange than yellow, and so on lo violet, 
which is the most refrangible. 

In continuance of this beanlifiil experiment, Sir 
Isaac, by a series of reflectors placed in the speotrum, 
threw ail the colors to the same point, where they 
were blended together again, and the ray restored to 
Its pure white character. 

■om this and other experiments, he arrived at the 
conclusion, that tight was composed of seven distinct 
ageneouH colors. 

was soon noticed, however, by those who repeated 
the above experiment, that the colors had no positive 
line of separation, but that the adjoining colors were 
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graduaily blended together: thus the red changed by 
almost imperuepliWe gradations to orange ; the orange 
to yellow, the yellow to green, and the green to blue, 
and so on. 

This led them to Buppoee that as orange appeared 
between the red and the blue, it was not homogeneoKH, 
but was formed' by the blending of the adjoining 
colors in equal qitantitieB ; that green was formed in 
like mannei" by the blending of the yellow and the 
blue ; that the various hues of purple, indigo, and violet, 
may be formed by the blending of red with blue ; and 
that, consequently, there are but three primary colors, 
yellow, red, and blue. 

This theory agreed with the theory held by painters, 
who affirmed that all the hues and tints of nature can 
be snccessfully imitated with those three colorB, not 
excepting the beauteous rainbow, which exhibits all 
the colors of the solar spectrum, arranged in the same 
relative positions, and formed in like manner by the 
refraction of light : they also asserted, that yellow, 
red, and blue, cannot be foi-med by the mixture of any 
other colors; and that, as all other colors can be 
formed by the mixture of these three, they are, there- 
fore, the only homogeneous colors. 

Later experiments have proved this theory to be 
correct. 

In addition to the three primary colors, we must add 
to the scale. Light, and its absence, Shade ; which are 
represented by white and black. 

Black, in the strictest application of the term, is the 
totrii absence of light, and must be invisible ; and as 
the blackest object that we can perceive must reflect 
some faint ray of light to make it visible, it must have 
somewhat of a grayish tint; grai/ being the mean 
lif/hl and shade. The terra blaok is usually 
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applied to the darkest shades either in Nature or 
Art. 

A union of any two of the primaries in equal quan- 
tities gives a secondary color. 

The secondaries are also three in number, as follows : 

Yellow and Red produce the secondary Obangb. 
Yellow and Blue " " Gbbsn. 

Red and Blue " " Pubple. 

In like manner, three tertiary colors are produced 
by the union of the secondaries ; consequently, in the 
composition of the tertiaries, all the primaries enter in 
unequal proportions. 

They are compounded as follows : 



Orange 

and 
Green 

Orange 
and 

Purple 

Green 
and 

Purple 



produce Citbon 
or 
Yellow Hue, 

produce Russet 
or 

Red Hue, 

produce Olive 
or 

Blue Hue, 









' 2 parts Yellow. 

1 " Red. 

1 " Blue. 

1 part Yellow. 

2 " Red. 

1 « Blue. 

1 part Yellow. 

1 '* Red. 

2 " Blue. 



It will thus be perceived that a tertiary color is 
composed of two parts'*' or equivalents of one of the 
primaries with one part of each of the others ; and 

*In speaking of parU in this connection, we must under- 
stand equal guanUUe$ as to power. Field in bis Chromatics 
says, " three parts yellow will neutralize ^^e parts red or eight 
parts blue, and if a circular disk be colored in these proportions 
from the centre to the circumference, and be made to revolve 
rapidly, the different colors will be blended and the disk will 
appear of a dull white.*' 



\ 
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each occupies its place in the foUowing scale, as a. light 
or n dark color predoniiuateB ; 

While, Prhnary. Blue, 

PnTnaty. Yellow. Green. Secondairy. 

OrJinge, Secondary. Citron, \ 

Pi-imary. Red. Ruasel, J Tertiaria. 

Porple. SeoBTidary. Olive, ' 
Black. 

Absorption and Reflection of Light, Teans- 
PABKNCY, Opacity. 

Paragi'apli 8, page 97, says: "A portion of light is 
absorbed by all bodies-receiving it on their Burface," 
cto. See paragraphn S, 7, and S, as above. 

This fact has led to the theory that bodies have no 
inherent color; that difl'erent substancea absorb dif- 
ferently-oolored rays of light, which are transmitted 
through their Bubstance ; and that, consequently, the 
unabsorbed portion of the ray which is reflected deter- 
mines the color of the surface. Thus, if we suppose 
the entire red of a ray to be absorbed, the yellow and 
blue would be reflected, and the sur&ee would appear 
green ; and if a suflicieiitly thin lamina be cut from 
this green substance it will transmit red light. There- 
fore the color of any substance depends on itsoapaoity 
for reflecting or absorbing the differently-colored rays; 
and, in all eases, the color of the light transmitted 
through bodies is composed of the complementary 
colors to those which are reflected, and give hue to 
its surface. 

It has been proved by experiment that the moat 
dense substances will transmit both light and color, 
when reduced to sufficiently thin laminie : consequently 
there is no such thing known in nature as a really 
opaque sub stance. 

A perfectly opaque substance would reflect all the 
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tight which falltt un its HuH'aoe, aud one that would be 
perfectly transparent would trauBtnit all that it re- 
ceives ; but these perttict conditions are not lo be found. 

Thintparenctf and Opacity are, then, not absolute 
but relative terms. 

Transparent ffiedia, such as air, water, glaps, etc, 
are tliose which permit light and vision to pass freely 
through them. Tratnluee/it Bubstances are tho^p 
which are not sufficieutly transparent to allow u!< to 
see objects through them, but which transmit light 
more or less freely. We have learnt above, that the 
most dense subatances, when suflicieotlj thiu, will 
transmit light. This term is therefore very indefinite, 
a substance being translucent or otherwise, aa its thick- 
DRss may be greater or less, A leaf of this book, if 
placed before an opening for the admiusioD of light, 
would permit so much tu paBB through, as lo allow 
objects to be distinctly visible, and would be considered 
highly translucent; hut dose the book, composed of 
nnmeroas leaves of the same material, and place it in 
the same position, it would exclude the light aud be 
properly termed opaque. 

Another element of confiiaion in the popular names 
of colors, arises from the large number of pigments of 
commerce made to imitate the different hues and tints 
of nature. Each bears a specific name, either de'ived 
from its hue or from the elements of which it is com- 
posed : but as they are made, by different manufactur- 
ers, of various degrees of purity, and each maker has 
bis own standard of hue for each color, we need not 
hope to have much uniformity of result. 

Before closing this branch of our subject, we will 
recapitulate, in a more succinct form, some of the facts 
arrived at. that they may make more permanent im- 
pressions on the memory. 
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IbL a primaet coloe cannot be compoandcd or 
formed by any combinatioD of tbe other colors ; tbey 
are thi-ee in number, yelloio, red, and blue. 

2d. A SKCONDABT coLOBifi formed by admixture of 
any two of the primaries in equal parla, eueh as orange^ 
purple, and green. 

8d. A TERTIARY COLOE 18 formed by admixture of 
two of the BecondarieB, and consequently contuins two 
eqiiivnlentB of one of the primarieE, and one of each of 
the others; these are also three in number, citron, ru3- 
set, and olive. 

4th. Broken coloes are compounded of all the pri- 
marieB in indefinite proportions, and form three classes, 
bfotcn, maroon, and ffroy. 

6th. Advancing colors are, first, those which ad- 
vance from a neutral point toward light ; and second- 
ly, those which canae objects to appear more prominent 
in a composition, and, consequently, to appear nearer 
the spectator. 

6th. Ketkrattno colors are, first, those which re- 
treat from a neutral point toward shade; and second- 
ly, those which cause objects to appear more distant or 
to recede from the spectator. 

7th. Warm colors are those In which red or orange 
predominate; they are generally also advancingcolors. 

8th. Cold colors are generally also retreating colors, 
in which bine and neutral gray are the prevailing hues. 

Otb. Positive colors are the three primaries, and 
their defiuite compounds as placed in the scale at page 
136. All other decided compounds of two of the pri- 
maries also come under this head. 

10th. Neutrals are compounded of the three pri- 
maries in their neutralizing proportions, in which no 
trace of the positive colors exist ; they are nevlrcil 
btaelc, and its shades neutral gray. 
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More strictly speaking, we have theoretically but 
me neutral; as ilie neutral grays are to black wl 
llie lighter tints of a. ooior are to its full tone, v 

! sam<s color diluted ; but in art, the pigment of white 
and black, as well as all their intermediate shades, a, 
termed neutral colors. 

lltb. Sbui-neutrals are the same as the broken 
oolors, and occupy a middle space between the posi- 
tive colors and the neutral black. 

12th. Aktificial light increases the brilliancy of 
11 warm colors, but it deteriorates all haos of the 
cold colors, and entirely neutralizes many of their 
lighter tints. 



GEOMETEIOAL DKAWIHGS. 



Mechanical or architectural di-awings consist of 
plane, sections, elevations, isooietrical and pempective 
views. 

Drawings .may also be further divided into two 
classes : first, the more elaborately-finished drawings, for 

a purpose of explaining the proposed constmction 

lire and in all its parts, for the use of the propri- 
etor and contractor, and which form, in connection 
ritb accompanying speciflcations, the basis of the con- 
tract. These should be made as full and explicit as 
possible, to prevent the misconceptions and disputes 
which often arise from the insufficiency of those impor- 
tant requisites. 

The second class consists of outline drawings, show- 
ing the details of construction, generally drawn to a 
larger scale, and on which the dimensions should be 
figured. 
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Detail drawinge are oflen roughly tinted to eImv 
the mutt-rials, as well as ttie fonns and sizes, of constmc- 
tion; in inacliine drawings, wliere round bodies fre- 
qnently ouciir, they are shaded by ruling parallel ink- 
lines, almont touching eaeh other for the darkest ahadei, 
gradually placing ihem wider apart as they approach 
the light. Such drawings are generally roughly made, 
the workman depending more on the figured dimeo- 

Por detail drawings, a plain square^dged boardand 
any strong paper ig sufficient. The paper can be secnred 
to the board by small flat-headed drawing-pitia made 
for the purpose. 

Plain drawing-boanis are frequently made witU 
clamps firmly glued and screwed to the ends, or bat- 
tens made equally secure to the back of the board. 
Both these methods are obiectionabie, as all wood, how- 
ever well seasoned, will oontract and expand with the 
hygrometic changesof the atmosphere, with a force that 
no clamps can restrain ; the boards will, consequently, 
warp or split under such circumstances. A better meth- 
od of constructing them, is to sink dovetailed grooves 
in the back of the board, and drive in battens to fit the 
grooves. These require no fastening, and will allow the 
contractions or expansions to take place freely, and at 
the same time retain the board straight and sound. A 
drawing-boai-d, larpe enoufrh for imperial paper, made 
of fioiX pine, half an indi thick, with grooves sunk a 
quarter of an itich deep, the battens four inches wide 
by three-quarters ihiok, has been in use for ten years, 
and is now as straight aud free from cracks as when it 
was first made. 

For iindy-finished colored drawings, the paper should 
be dampened and stretched smoothly on the board, with 
its edges firmly secured, otherwise the paits which 
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are made wet with the color will stretch and rise from 
the board, and, as a natural consequencp, the color will 
flow toward the lowest parts, and prevent yoar obtain- 
ing so even tint. Drawing-boaj-ds for this piirpofe 
should consist of a rebated frame with a thin panel, 
with buttons or bara on the back to press the panel 
tightly against the frame. Whatman's rough-surface 
drawing-papera ai'e best for (his purpose; the sizes are 
as follows : 

Cap, 17x 14 in. Elephant, 28x23in. 

Demy, 18 x IS, Imperial, 30 x 22, 

Medium, 22x17, Columbier, 34x24, 

Royal, 24 1 19, Atlas, 33 x 26, 

Sup.Royal, 27 x 19, Dble. Elephant, 40 x 27, 

Antiquarian, 62 xSl in. 
These papers have a water-mark of the maker's 
name, and the side on which this name reads correctly, 
is intended as the right side to make the drawing on. 
To stretch the paper, wet the back of the sheet evenly 
and lightly with fair water, either with a flat brush or 
sponge, or by laying a wet cloth on it. In this state, 
the sheet will continue to expand in size until the 
moisture has penetrated its whole substance, which 
requires but a few minutes to efieot. The sheet should 
be about one-and-a-half inches larger than the panel 
in each direction : it should then be placed on the 
panel, projecting equally all round, its edges pressed 
down into the rebate, and the panel secured firmly in 
llie frame, which clamps the paper and prevents its 
contraction when drying, so that the sheet remains /)er- 
manently stretched, and will remain smooth and even 
while the color is applied. When paper is stretched 
on a plain board, its eiigea are secured to the board 
with strong paste ; but in this case, a damp cloth 
Bhould be kept on it until the paste is sufficiently dr^.. 
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to prevent Its beiog drawn off by the too rapid con- 
traction of tbe sheet. As Eoon as the paper ia dry^ it 
K ready for the drawing. 

The other requisites for geometncal drawing, are s 
X square, a pair of wooden right-angled triangles, — 
the one with equal sides and angles of 45 degrees ; the 
other with angles of 30 and 60 degrees, for isometrical 
drawing; pencils, rubber, a case of drawing instru- 
ments, and for drawing ink-lines, a cake of India 
ink, a porcelain slab for rnbbing the ink on, and camel's 
hair pencils for applying the ink to the drawing-pens. 

The conKtniction and. use of the scales and parallel 
rnler have already been explained in the early part of 
the Drawing-Book ; the other instruments in a case, 
require but little explanation, their uses being almost 
selt^vidunt to any intelligent student. Peneila should 
be of good quality, sufficiently hard to retain a good 
point, but not so hard as to cat the paper— and it is a 
very important requisite in a pencil that its marks may 
be easily erased. It is almost impossible to point a 
pencil properly with a dull knife, you should therefore 
keep a keen mie, — -it will save your time, pencils, and 
temper. 

Common writing-ink should never be used in the 
drawing-pens: it would soon eat away the metal and 
render them useless. India-ink, rubbed up with pure 
water, is the best (or the purpose, as it can be made of 
any required shade; a slight addition of car/ni/ie will 
cauwe the ink to flow more freely. The pen should be 
set to the requisite degree in fineness, and need not be 
altered to add a fresh supply of ink; this should be 
applied to the side of the pen with a hair-pencil, which 
should be occasionally passed between the blades of 
tbe pen to prevent its clogging: any surplus inkou the 
oiitaide of the blades should be wiped off before ap- 



157 



plying it to the paper. In ualug the dvawing-|>en, 
L'ilher for Btmight or circular lines, it is very important 
lo have both the blades to rest on the paper, or the 
lines will be irregular. With the X square applied 
to the edges of the board, all lines parallel to any of 
its sides may be drawn correctly. Parallel inclined 
lines may bo drawn by a sqnare having one of its 
eides movable, and clamped by a screw to the re- 
qoii-ed angle, or with the parallel ruler, or by moving 
a triangle along a straight edge. The outlines of the 
drawing should be first made in pencil, then the per- 
manent lines i-uled in India-ink of a light shade, and 
tlie surplus pencil-marks removed with the rubber, or 
wilb a crumb of bread, which will answer the same 
purpose; the drawing is then ready for coloring. 



APPLICATION^ OP OOLOBS. 



The student who has carefully read the first part of 
this essay, will readiy suppose that, with three good 
pigments representing the three primary colors, a 
white for lights and a black for shades, he can mix any 
tint nr hue he may require; and this is true to a con- 
diiierable extent, but not altogether so, an, unfortunately, 
Guloreil pigments are not always homogeneous in their 
composition, and otlen act chemically upon each other, 
K<) as Id oiiange, or perhaps neutralize, the original hues. 
The knowli'ilge of the chemical properties of coior.< 
I'cqnii'es more study and attention than is necessary for 
Ihe mechaniual draftsman to devote to it, as the color- 
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map baa prepared numerous pigments, of different hues, 
to meet hia wuntB, Thv^ pit/ments Are commonlycall- 
ed colon, and, iu thia prarlical brandi of our suliject, 
we ehall follow the common practice aud use the terms 
synonymouelj-.^ 

Colors are either transparent or opaque. A trans- 
parent color ie often laid over another color to change 
or modify its hue, and will often produce a much more 
Bofl and agreeable tone than could be produced by 
a Eingle color: this operation is technically called 
glazing. The draftsman will often find occasion to 
exercise his ingenuity in this respect, aa well as in thu 
mixing of hia hues; and on this subject he must de- 
pend chiefly on liis .own taste and judgment, as it Is 
very difficult to give any other than general rules for 
the purpose. 

The following are the most useful of the prepared 
cake colors for mechanical drawiuga : 
Ykllowb. Gamboge, 

Roman Ochre or Yellow Ochre, 
Indian Yellow. 
Rbds. Carmine or Crimson Lake, 

Vermilion, 
Indian Red. 
Eluks. Cobalt or Ultra-marine, 

Prussian Blue, 
Indigo. 
Bbowns. Sepia, 

Vandyke Brown or Burnt Umber, 

Raw Sienna. 

India-ink may be aaed for the shades or a aemi- 

neutral tint, compounded of indigo and Indian reil. 

This tint niay be Ibund in cakes under the name of 

neutral tint. 

The surface of the paper should represent the tiyhU 
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in water-color drawings, or, where very Hiiiall ligbtB 
are required, they maybe Hcratohed out with the point 
of a knife. The last method is generally resorted to 
where drawings are made on tinted or graduated paper. 

The secondary colors, orange, green, and purple, aa 
well as the semi-neutral grays and other br()ken colors, 
may be compounded from the pigments in the above 
selection. 

A little practice and observation of the results of 
the different mixtures, will soon enable the student to 
combine them satisfactoi-ily. He will find that many 
of the combinations he produces will result in a tbid, 
cloudy mixture ; these he should note parlieularly, and 
avoid in fittnre; and those which result satiefactonly 
should be still more carefully remembered for future 
use. As a general rule, which should be well fixed in 
the memory, the fewer the pigments used in a com- 
poaitian, the more clear and satisfactory wiil be the 
hue produced. 

In using any hue compounded of different colors, it 
should be constantly stirred up with the brush whilst 
taking a fresh supply iu it, as such mixtures have 
always a tendency to separate. This must be more par- 
ticularly attended to when vermilion enters the com- 
pound, as it is so much heavier than the other pigments 
that it invariably falls to the bottom. 

In mechanical drawings, the plans and sections, 
especially, should be so colored as to show the materials 
and construction ; bo that this information may be 
obtained by the mere inspection of the drawings, with-. 
out the trouble of hunting it up in the specifications,: 
which are seldom availableat the place of conBtruntion, 
being geneniUy filed away in the office for particular 
I'elerence. In shading such drawings, the shadows 
should always be piiijected at an angle of 45 di 
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s explained at page 136, wliere shadows are eBpecially 

treatBii of. 

[n eli-valions, it is Tint ho imiiortant that the 
materials should be bo palpably desijrnaled; but even 
here it should not be altogether neglected, more par- 
ticnlarly when the materials are to remain of their 

iiiral color, as the general coloring has often an im- 
portant effect on the character of the design. 

[ii pewpeotive views, thia requisite is genei-ally lost 
sight of, and otlen, in architectural views, the coloring 
and shading are more iu accordance with the practice 
of the landscape painter, than with that of the mechani- 
cal draughtsman. 

The colore used in plans and sections lo denote the 
construction should be as nearly as possible the colors 
of the materials to be employed. A very excellent 
article on this subject has been published in the " Prac- 
tical Draughtsman," from which we make the follow- 

; extracts, and would recommend their careful pe- 
rusal, as, with few additions, they cover the whole 

)und. The colors designated are termed "cani^en- 
tinnal colors, that is, certain colors are generally wtt- 
derstood to indicate particular materials." India-ink, 
in these extracts, is called China-ink : either name may 
be applied to this pigment. 

'' Stone. — This material is represented by a light, dull 
yellow, which is obtained from Roman ochre, with a 
rifling addition of China-ink." 

This color does very well for light sandstone, 
but where diffei-ent kinds of stone are to be used in 
a construction, other hues are necessary to denote 

Granite may be indicated by Pi-ussian blue, witi 
little India-ink added. 

Bed sandstone, by Indian red. 
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White or Other liyht-colored marbles, by a light tint 
of yellow ochre or raw sienna. 

Rubble-stone walla, by Prussian blue with Indian red. 
These should be further designated in sections, by a few 
irregular lines of a different tint or hue, laid in with 
the hair-pencil after the first tint is dry, to represent 
the joints and indioate the constriietion. 

" Srick. — A light red is emplo^d for this material, 
and maybe obtained from vermilion, whieh may some- 
times be brightened by the addition of a little carmine. 
A pigment, found in most color-boxes and termed light 
red, may also be used when great purity and bright- 
ness of tint is not wanted. If it is desired to dislin- 
gnish firebrick from the ordinary kind, since the former 
is lighter in color and inclined to yellow, some gam- 
boge must be mixed with the vermilion, the whole being 
laid on more faintly. 

" Steel or Wrought-Iron. — The color by which these 
metals are expressed is obtained from pure Prussian- 
blue laid on light: being lighter and perhaps brighter 
for steel than for wrougl it-iron. 

" Caat-Iron. — Indigo is the color employed for this 
metal ; the addition of a little carmine improves it. 
The colors termed Neutral Tint or Payne^a Gray, are 
frequently used in place of the above, and need no far- 
ther mixture. They are not, however, so easy to work 
with, and do not produce so equable a tint. 

" Lead and Tin are represented by HJmilar means, the 
uolor being rendered more dull and gray by the ad- 
dition of China-ink and eannine or lake. 

" Copper. — For this metal, jmre carmine or crimson 
lake is proper. A more exact imitation of the reality 
maybe obtained by the mixture with either of these 
ciilfirs of a little Cliina-ink or burnt sienna — the oar- 
mine or lake, of course, considerably predominating. 
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Bible, over the same part of the drawiug before it ia 
dry ; aod when the termiiialion of a large space is 
nearly reached, the brush should be almost entirely 
freed from the color, otherwise the lint will be left 
darker at that part. Care should be taken to keep 
exactly to the outline ; and any space contained within 
definite ontlines should be wholly covered at one oper- 
ation, for if a portion is done, and then allowed to dry, or 
become aged, it will be almost impossible to complete 
the work, without leaving a distinct mark at the junc- 
tion of the two portions. Finally, to produce a regu- 
lar and even appearance, the brush should not be over- 
charged, and the color should be laid on as Ihin as 
possible ; for the lime employed in more frequently 
replenishing the brush, because of its becoming sooner 
exhausted, will be amply repaid by the better result of 
the work under the artist's hands." 

With this inlbrmatioD carefully digested, in addition 
to the instructions of much the same tenor, previously 
given for laying in shades and shadows, at page 116, 
the stadent will find but little difliculty in coloring 
his drawings creditably ; but he will require practice, 
that he may gain experience in the manipulation of 
hues and tintf, and freedom in the use of the brush. 

It is important that he should firtil practice on draw- 
ings that require but little labor to construct ; so that 
the fear of spoiling them would not cramp his motions 
and prevent his acquiring the requisite freedom of 
hand. If a drawing of this character be spoiled, it 
will be of very little consequence, as it can be easily 
replaced ; with an elaborate drawing the ease is very 
diflei-ent, the fear of spoiling it will often induce hesi- 
tation and awkwardness, and produce the result feared- 

Wben a drawing is to be shaded and tinted, the 
lades and shadows should be laid in with Indiu-ink 
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before applying the colors, but not so davk as required 
for the liaiHlicd drawing, as they oau be worked up to 
better advantage by deepening thera with the local 
hues, SometimGS drawings are ehaded with difiei-ent 
tints of the local colors without first shading witb ink. 
Tlie student ehonld practice in both styles, so that he 
may be able to apply either or mix them, as his taate 
and judgment may direct. 

In shading perspective views of exteriors, the stu- 
dent most remember that all his shades and hues mnst 
diminish in intensity as the distance increases ; but io 
limited interior views, as of a room, his shades will in- 
crease in depth toward the rear of the picture, unless 
euch room is lighted by side- windows or by other light 
than that obtained from the front of the picture where 
the section of the room is made. 

The student who endeavors to follow those instruc- 
tions will doubtlessly meet with some difficulties, but 
he will soon overcome them, if he will practice with the 
requisite attention and industry. 

Every obstacle encountered should be removed from 
the path at once ; he must not pass over or around it, 
leaving it as a stumbling-block to hla future labors, 
but should attack each in detail, and let every en- 
counter act as a spur to further progress and to ulti- 
mate success. 



QTJALITT OF MATERIALS. 

The draughtsman who values his time, will always 
find it the more economical plan to procure all bb 
materials of the best quality, and also to keep his 
instruments clean and in good condition ; he will thus 
be enabled, with the same degree of effort, to produce 
a much more satisfactory drawing. 
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the sec- 



63 

69 
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Baer. of i ynaaf^e, . 
•■ ofa pyramid. 



" iif a Duric column, 

" line or ground line, 
Benil descril>eii, . 
Bed 'if an arch, . , 

DkaU — ^To biseci a right line. 

To liiseci an angle. 
Bird' I eye view, 
Cavetio, a Roman moulding, 
CtiUre of a circle, 

*■ of a sphere. 

" ofa vanistuDg plane. 
Chorda ilefineii, 

" Scale of chords construcled, 

" Application of the acale of chords, 
CireU described, 

" To find ihe centre ofa circle, 

" To draw a circle through ihree giren paints, 

" To flnti the centre for describing a flat segment, 

" To find a right line equal to a semicircle, . 

" " " " equal to an arc ofa circle, 

" Workmen's method of doing the same, 

" Great circle of a nphere, 

" Lesser circle ofa sphere, 

" Circumferences of circles directly as the dtameten, 

" in perspective, .... 

" Application of the circle in perspective, 
Ctrct^Ior plan and elevation, 
" objects — Shading of 
Cireumferenet ofa circle, 

" " directly as ita diameter. 

Circular domes — To draw the coveriD(i of 
Color — How to color shadows, Slc. 
Ctmjugaie axis or diameter, : 

" of a diameter of the ellipsis, 
Conl«n(tof a triangle, .... 



ofa 

of the surface ofa cube, 
c or angle. 
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Ccmplex and simple arches, • • 


» . • 


74 




Cane, right, oblique and scalene, • 


• • 


. 56 




" To draw the covering of a cone. 


• • 


56 




" Sections of the cone. 


• • 


. 62 




Co-nfi6 • • • • • 


• • 


19 




Co4angeni, 


• • 


. 19 




CkhsecarU, . • . . 


• • 


20 




Ccmtruei — ^To construct a triangle. 


• • 


. 25 




** " an angle equal to a given angle. 


25 




** ** an equilateral tria 


mgle on a given 


line, 27 




** . ** a square on a given line. 


28 




«' ** a pentagon on a 


given line. 


. 30 




" " a heptagon on a 


given line, • 


31 




** '' any polygon on a given line. 


. 31 




" " a scale of chords 


, • .• 


36 




" " the protractor. 




. 42 




VwMtructwn of arches, ^ . . . 




72 




CwUrary flexure — Curve of 




. 12 




*' " Arch of 




76 




Cottage in perspective- 




. 129 




Covering of the cube. 




53 




" " parallelopipedon, . 




. 54 




" " triangular prism. 




54 




" ** square pyramid, • 




• 54 




*' " hexagonal pyramid. 




55 




" '* cylinder, . 




. 55 




" " cone. 




56 




" " sphere. 




. 57 




*' " regular polyhedrons^ 




57 




'' " ciKufar domes, • 




. 70 




Croum of an arch. 




73 




*' moulding. 




. 83 




Cube or hexahedron. 




52 




OuMc measure. 




. 51 




Cube — To draw the Isometrical 

• 




89 




" in perspective. 




. 127 




Cycloid described. 


• 


49 




Cyeloidal arches, • 




. 50 




Cylinder, • • • 




55 




'' To draw the covtsrmg of a 




. 56 




'' Sections of the • • 


% % 


^ 
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CylittiUr — Right and oblique 
*' in perspective. 
Shadow of a . 
Cyjna oreyma neta — Roman, 
" " Orecian, 

" " " " Grecian, 

DegTte defined, 
Deprated arch, 

Diatnimd defined, . . . 

Diagonal defined, .... 
Diagonal lines in perspective, . 
~' imcler of a circle, , . 

" of an ellipsis, 

'* of the parabola, . . 

Jhfinitiotu of lines, . . 

" of angles, . . . 

" of superficies, . . 

" of ihe circle, . . 

" of solids, 

" of the cylinder, . . 

" of the cone, 

" of the parabola, 

" in perspective, . . 

Directrix of the parabola, . 
Diiltaiee — Points of , . . 

Half 

" The quantity of reflected light enablea ti 
judge of . 
Dodect^dnm, 

Dema — Covering of hemispherical 
DoubU shadows. 
Echinus, or Grecian ovolo, 
£Ki;«M— Fnlse 

" the section of a cylinder, 

" To describe an ellipsis with a string 

" the section of a cone, 

" To describe an ellipsis from ihe cone 

" To describe an ellipsis tiy inwtsectiotts 
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TAOm, 


EUtpstg-^To describe an ellipsis with a trammel . 




65 


EUipHc Archr—To draw the joints of an 


• « 




77 


Epicydml described. 


• . 




50 


E^tn/oleral triangle. 


• 




14 


'' arch, (Gothic) 


• • 




78 


Extr(ido8 or back of an arch, • 


• 4 




73 


Fillet, band or listel, 


• . 




81 


Foeu*— Foci of an ellipsis. 


• 




69 


" of a parabola. 


• • 




69 


Foreshortening, .... 


• 




100 


" The degree of foreshortening depends oi 


1 the 




angle at which oljects are riewed. 


101- 


-108 


Form of shadows. 






136 


Fnutrum of a pyramid. 






54 


*' of a cone, • • • 






62 


6r2oi&e or sphere, 






56 


Gothic arches described. 






78 


Grades, 






19 


Grecian mouldings. 






84 


Ground line or base line, • 






103 


Habit of observation, • 






128 


Half distance. 






110 


HdgJU, rise or versed sine of an arch, • 






73 


Hemisphere, ... 






57 


Hexahedron or cube, . 


f 




52 


Hexagonal pavement in perspective. 


• 




113 


Horizontal or leVel line. 






12 


** covering of dome9. 






71 


Horizon in perspective; . 






103 


H&rseshoe arch, . . . • 






76 


" pointed'lsirch, . 






79 


Hyperbola the section of a cone, • . 






62 


** to describe the hyperbola from the cone. 


. 63—66 


Hypothenvse, . • • 


• • 


14 


—23 


** Square of the 


. 




23 


leosahedron, . • 


• • 




58 


Inclined lines in Isometricai drawing require adifTei 


rent 




scale. 


. . 




96 


Incidence — ^The angle of incidence equal to the angl 


e of 




reflection, ^ 


. 


% 


on: 


Inclined linef— Vanishing point ot • 


• • 




. \SS^ 
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Fiac 


Jb(fi«rf7fa»-VM^kii«yMtrf . 


107 


AMtrOc— Tb MKnbe • drdc JBawiMglt, 


- 27 


•• "an oeagoM n * «qo«i*, . 


28 




cK . S9 


" - ■■qvareinxod^ 


30 


" abeiagoamkdMfe. 


. 29 


" "am oci>goa in s tirde. 


30 


" ■ dodecaev m a anli^ 


. 29 


jbfrarfaforNffilofaaateb. . 


73 


AMKCriear dtawing. 


. 89 


cuU- 




crde. .... 


. 94 




95 


botuUt (riangl*. .... 


. 14 


JWrJf of uaich defined, 


74 


'■ To draw ihejoinis or arches. 


7Sk>80 


J&yrt™«<.rai.anrb 


73 


iiimrf JrcA— To describe the 


. T8 


X4gU— Olijecu to be seen must r^Hect light, . 


96 




. 96 


" Three degrees of 


. 98—136 


/Aw#— Descriplioo of . . . 


. U 


IJne — To divide a right 


35 


'• Tofindilielrngihofacurved 


. 83 


" Workmen's method of doiog so. 


34 


iA« 0/ Cfnirei (of wheels,) 


. 87 


Pitch line defined. 


88 


" To draw thp pitch line of a pitiion to eonu 


una 


definite number of leelh. 


. 88 


" Ground or base hne, . 


lOB 


" Vaniiihing point of a line, . 


. IDS 


" of elevation in perspective. 


116 


Umw perspective deSnod, . 


. 102 


LU«J. hsnd or fillet, . ... 


81 


Uitnge defined 


. IS 


Mi^H" nnd minor axes or diametere, . 


. ffl_6D 


^e«.u«— Cubic 


. 51 


■' Lineal and superficial. 


51 


" of llitfurfaceof&cub^ 


. SS 


-_ MdHU ray ot cenlml vi:iua] fay. 


105 


1 «F««rf«. 


. 18 


^^^, ,^^^ 



IIIDEX. 



M 



*t 



Mire — To find the cut of « 
Moresoo or Saracenic a>ch» 
M<ndd img$ R otnaa 

" • Grecian . ' . 
Ohdak defined^ . • 

OhUqut pyramid^ « • 

cone, • . • 

cylinder^ . . . • 

OliUmg defined, • • 

OcU^ofud plan and elevation^ • 
Ociah^ron, 

Ogee Arch or arch of contrary flexure^ . 
Ogee or cyma reversa — ^Roman 
'* '' " Grecian 

Optical illusion. 
Ordinate of an ellipsis. 
Ovals composed of arcs of circles, . 
Oiflo — ^Roman • . • 

'' or Echinus — Gveciam 
ParaUebgram defined, • 
PardUel lines, 

ruler, .... 
Application of the parallel ruler, 
ParaUelopipedon, . . . • . 

Purahobf—To find points in the curve of the 
the section of a cone. 
To describe a parabola from the eone* . 
To describe a parabola by tangents, &c. 
To describe a parabola by continued motion, 
applied to Gothic arches, . 
Definitions of the parabola, 
Pioramefsr defined, . . . . 

Pentagon reduced to a triangle, 

" To construct a pentagon on a given line, 
Perimeter the boundary of polygons, 
P^pAery the boundary of a circle. 
Perpendicular lines defined, 

To bisect a line by a perpendicular. 
To erect a perpendicular, 
To let fall a perpendicular, 
PerspeeHve — ^Essay on perspective, 
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12 
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69 
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1T4 isDcx. 
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108 
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|iMe.«ptae«rtiKp«>«. 


. 103 




" - ^M it fottm^tuiat ID ihe wi 
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nm^iww. . 
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pb.i/..V-«. ■ - 


109-110 




* " efanwmwkhpilMMi, . 


111 






pl«>,112 






. 112 






114 




• Cifde in perepwrire. 


. 114 




" LineofefemioQ, - 


115 




" PiUan with pn>j(«tinf caps in peiapnti* 


116 






. 117 




" Aurhes aem in front. 


118 




" " OD a laaisbing piane. 


. 121 




*• Application of the circle, . 


123 




" To find the perapectire plane, fcc. 


. 125 




" view of a cube seen accidentally, . 


127 




" Ttew of a cottage seen accidentally, . 


. 129 




" Tiewof aslreei, , 


132 




Pitian m perspeciivp, . . . . 


. 116 




PiiMofawheel, .... 


88 




" circle of a wheel, .... 


. 87 




" line of a wheel, .... 


68 




Plant superficies, ..... 


. 13 




/•ionei— Vanishing .... 


106 




■• Parallel planes Tanish to a common point. 


. 108 




" parallel to the plane of the picture. 


ICS 




" To find the petspective plane. 


. 125 




Plat band or straight arch. 


74 




Platonic tigures, 


. SS 




Point of intersection, . . . - . 


19 




" of contact, ..... 


. 19 




" Secant point, .... 


19 




" or sight 


. 104 




" of view or station point, , 


104 




" Vanishing points, .... 


. 105 




" Principal vanishing point. 


105 




" ofdistance 


. 104 




}\»inted nrches in perspective, . 


119 




/«tf of (he sphere, 


. 57 




L^ i 
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176 
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Ptoportional diameter of a wheel. 






87 


** circle or pitch line. 




• 


. 88 


Poly gona described. 






14 


" Table of pol}-2Qi\s, 




• 


. 27 


" Regular and irregular polygons. 






28 


Polyhedrons, • . 




• 


62^-57 


. Projecting caps in perspective, . 






117 


Protractor — Construction of the protractoi; 




• 


. 42 


" Application of the protractor. 






42 


Pnsfns, • • • • • 




• 


. 54 


Pyframid, 






54 


'' in perspectiye. 




• 


. 117 


Quadrant of a circle. 






18 


Quadrangle defined. 




• 


. 15 


Qiiadrilateral defined, • 






15 


Radius — ^Radii, • • . . 




• 


. 17 


Rampant arch, . . . • 






74 


Rays of light reflected in straight lines. 




• 


. 98 


" converged in the crystalline lens 


» 




99 


Rectangle defined, .... 




• 


. 15 


Reduce — To reduce a trapezium to a triangle. 






35 


'^ To reduce a pentagon to a triangle. 




• 


. 36 


Ae^ection of light. 






96 


'' The angle of reflection equal to the 


angl 


B of 


incidence. 




• 


. 97 


Reflected light enables us to See objects not illuminated by 


direct rays, . • 






98 


i2<gfu(ar triangles, .... 






. 14 


" polyhedrons, . 






. 5^-57 


Ae/roefton of light, • . 






. 96 


Retina o£ the eye, • « • 






99 


Rhomb — Rhombus, 






• 15 


Rhomboid, . • • • 






15 


R^ht angled triangle. 






. 14 


Rigid line defined. 






11 


** pyramid, .... 






. 54 


" cylinder, ^ . . . 






55 


" cone, • • • • 






56-61 


Rise or versed sine of an arch, • 






73 


Roman mouldings, • • • 






. 81 


IZtile of 3, 4 and 5, . • « 
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Sai-aeenie at Moebsco arch, . . 

Se«fe of chorda, . 

Urala of equul parta, 
" Simple and diagonal scales, 
" PropoTlionBl scale in penpectire, 

SeaUne iriaugle, 

ScAnne or ^pgineDtarch, , 

Seotia lieacnhed — Ruman, . i 

" " Grecian, 

Steant — Secaol point, or point of 



Sector -ot a circle, ...... 

Slelknu of the cylinder, 

■* of the cone, . - . . . 61 t 

" of ihe eye, ..... 

SarpejiHae lint, ...... 

SegmaU of a circle, ..... 
" To find the centre for describing a segment, 
" To find a right line equal to a segment of a circle 
" To describe a spgniwit with a triangle, 
" To describe a segment by inl 

" or scheme arch, . 



Semicireiilar aich , . 

" " in perspectivp, 
Sbuie and shadow, 
SkaHoie alwaye darker than the otgecl, 
Shadotps—Bsaay on shadows. 
Shading of circular oltjects, 
Suulou) — Lightest and darkest parts of a 
Sig/i(— Melhod of sight, 

" Poiot of sight. 
Simple and complen arches, 

Sine 

ShiH-inefcofan arch, . 
S^it or intradoa of an arch. 



S^fttre— Definitions of the sphere, 
" To draw the covering of a sphf 
wrAtfriiis- line of an orch, . 
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0^111111*69 • • • • 






15 


Square corner in a semicircle^ 






. 21 


" " by scale of equal parts. 






23 


" of a number. 






. 23 


'* of the hypothenuse, • 






23 


Si(^ion point or point of riew, • 






. 104 


Straighi or right line, . 






11 


*' arch or plat band, . 






. 74 


Street in perspective, . 






132 


Subtense or chord, . . • 


• 




. 18 


SwnmU of an angle. 






12 


" of a pyramid. 






. 54 


•* of a cone. 






. 5&-61 


Superficies or surface. 






. 13 


Supplement of an angle or arc, • 






19 


Table of the names of polygons, . 




* 


. 27 


" '* the angles of polygons. 






. Plate 10 


Taion or Ogee — Roman, . 






. 83 


" '* Grecian, 






86 


TVin^en^ defined, . 




9 » 9 


. 19 


Teeth ofvaheds — ^To draw the teeth of wheds. 


87 


" « Pitch of the *' 






. 88 


Depth of the « 




» 


88 


Tesselated pavements in perspective. 






. 112 


Tetragon defined. 






15 


Tetrah/ednm one of the regular solids. 






. 57 


Torus desciibed. 






82 


TVaperitim defined. 




• « • 


. 15 


** reduced to a triaiigle. 






35 


7Vi;^;roic{ defined, . 






. 15 


Tranaioerse axis or diameter. 






. fl9-W 


Trigons or triangles. 






. 14 


Triseet — ^To trisect a right angle. 






26 


TruneaJLed pyramid. 






. 54 


" cone. 






62 


Tudor or four centered arch. 






• 79 


VaniMng points. 






105 


'' Principal vanishing point,. 




f 


. 105 


" planes. 






106 


Vened sine of an arc. 




• • 


. 19 


'*' '* or rise of an arch, . 






73 



" of n pyramid, 

" of B iliaiiielerof the ellipeia, 
" Principal vertex of a parBboIii, 
" ofn ilijmcier of the par^oU, 

I'tiikal Of plumb line, 

" coverjnga ordoniH, 

ftftml Miiilf , 






tf'Ketl nitil pininn — Tu proportion the teeth oTi^ 
IfJttfrl vkcwnl in perspective. 
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I^nEX TO THE £B8AV ON COLO% ElCr 
AppUealiun of colors to Geoitietrical Dmnitigs, 
(Jfitventioiinl colors to dr-now the conslniclioa, . ... 

n-brii, UrI of, for nrcbitectural nnd mechanical drawings, IJia 
D^nition* of terms, recapitulated, 
Jietail ilrawiogs, how to make and tlot Ihem, . _ . 
Dr'twtng boards, the best way to mnke them, . IM, ISB 

Dnttring iasirurnenlB, and requtsitea for georactrica] draw- 



ing. 



!» 



It be used for drawmg 



Drmpiiig paper, regular sIecs of, 
fltometrieiU (Irawings described, 
Ink. eonimon writing-ink should U' 

piirpoaiM, . 
Ink. IndlH or China ink, 
M'iHit>HbiHen of tlie colors, 
Miiferuttt sliuiild be of the bcsl quality, 
XktHtoi soale of colors, 
O/meitj/ and Uvospar^iCT uoi absolute tenoa, 
i^rtpttiiM view^ the coloring oC ■ - . 160^ HS 

PtMiU, tbe qnaliUrs required in a good drawing, 
oftm act chemically upon each other, 
id aeclkHM sfaenld be colored 10 show the ntatdiaK UB 
detail drawings by mliog parallel lines, . 
Ml pUns. sections, etc. lo be at an ao^ of U*. 
attviar. ... ... 

UlCkt nay be rwlml inIA ibe (fam ptwamrjtatat%. Ml 




EEVIEWa 



I'ivm (lu London Art JoutooI. 
" A Text-Book of QuaHETRicAi. Diuwdis (Or the ns« of MacfaBnlcs iDd 
IchoolB, bj Wn. HIniSe, Architect, etc.— Bver; allempt to flmpK^ and 
order comiiflratlvej)' BUsy [he jibftmee hipd iludj of gemnelricl iiiies mid 
impnrtronB, mnBt be hailed with noaffecled pKlisaclion hy all who And it 
lecDBCsrr to apply thomselvev to It. Ferheps the dllHcnIiieB allendias tho 

rom pnnulng thB atody. notwlthslaflditij; the inconvenletics niixlng frDm 
ti neglect. The grand objection to miHt of the booba on genmelry which 
live parsed Dnderoar notice, ii. that they are too IheDrelical : not pnctiol 
eooaeh for practical men, Fuch ss ■nlnni who deilro to obUin eo much 
' iwledRsof the w^ienceaemay the belter enatile them loroltlll their dntln 
hont afpiiids to the dignity of learned math ematj clan ?. The American 
ilicallon here bronght under oar nollts neemB jnsl the klud ol boolt lo 
pnt Into the hands of the claf^e* here referred to, though Ite ntlllty nnal 
be thai limited. The Authnr bM been Inng engaged In Baltimore a> a 
hereof Archllccluial and Mechanical Drawiojt. The work be haa put 
1 Bihibitf the synem adopted In bif practice, wblch 1( a» ilmpla o» (** 
IM wUl ptrmil. In make U rtaHf amiinihemtci and uir/ul. It abonnde 
rau-luga of geomotfical flj^irBF, plana, aectlona, olevallona, eio., to a 
targe eiteni, and relferrlnif to biilMlngiand machinery; contalnianlntrodnc- 

i( b. In «Aor', a iexl-bcek cf no OUls ralm for it(f-ini'mctlei> to msBt tbe 
t« of a large claaa of laareeri'. who, haTing wada lhBinMl»e« Ihnronghly 
iilnted with <la conlente, »iU have niarlend the alphabet of drawing." 

From the London Bnilder. 



and pcrpneeF. hut thai we may he able alro at once and comprehenaively 
to ray thai it appears In oa to bmr oat all lt> proreesionn. It 1« rmSy a 
capllal Tcark, and Jndlclouaiy comprlaea the greater part or what a learner 
needr. Ihongh prBrion'ly eolirrty nnacqaalnled either with Georaelry or 
Dran-iui;. 
"Tlie hook la dcaervcdly highly esteemed !n America. It la evidently the 
lork of one who underriJindB hla anbject." 



FTom the Lo'uIOH A 

■• The deflnittona and mles of geometry ar 

of the vwiuua InatmmeDt*. Tbia portion, w 



^H Arj, im 9.iitrte6vA bj «iaraplf« oT tbe ippEicalton or the mlfp to A 

H BIT, (^rpcDItT. and Michlnny. Tbe text h» a pTBCUca] lone 

V *Cilcb w« kdinin, wblWI Uw lllarcnilani, wblcb are BumeroDS 

W iteel. and panlcnlarlj' well ciecDtcd. In paper and Ijpognpliy it 

I U> aii7 vork of iht iubu cIsib pnbJirbed in tbli cnaDirr." 

-ATkkt 

I of bR rnr Ihc^oang piadiMil : and vre ao answer for it Itaal Ibeconne 

Inallf Mrred np an; Iblly equal lo the aothnr'i cftataclerof Ihem. 

' It Ib a pleaqnl ubIc to the miewer to ^to pnJie to a good botjlE ; ant 

gitiiijiao oplulon iitilr. Minlfle'a prodnclioD. we nui; dom by saflu^ U 

<«' iifwlictl mea who desire lof^inHiniB inright in tbe rnlef otgeoaeJ 

aldnwlns. Ibal Ihet mar do nn bcro. <rltbont irBding tbrangh > maec o 

■ipfBiiral iirofnndlty, meh as asuallj encnniberf IbBin on the Ibrwbuli 

■ maj'iriiyof works of Iblmilnre. 

' Wbatuver la raid l» rendered perfect!)' InieJHgfWo by remarkablj well 

; rut mere iigae Hipporitlnti; ud tbe addition or an lolrodDclInn i< 
iMbieiric^l dmwinK. linear perspective, and the projec 
winding op with a DFef ' ' 
pBThape unffuaHeil by a 

mm Oh nUmfelpAia PuUie Ltdgtr. 

If Arcblluctural and Mecbiulcsl Drawing. Tba problemn tre nQ 
■lib a view to their pnclical application In the every-day buainess 
of tbe Bnglneer, Arcblteil. and ArllBan." 

FYon tlu Atnerican RaUroad JaumoL 
" Hisini'a Tkit-Book ar MicihanicjlL Dii*irii«i.— We ara bapp/ tn 
call Iba aCtoitlaii of oar rsadera to M» work. It ie recommended by artliM 
Jnd^ carreetlj af It* 
DierltB, aa halbK the nvMl tluiniitah aait a/mpiilt work qf lit HuiteerpuA- 
lifhtil ia thU couatr!/, tad as IndlFpenHible lo Ibwewhoae boelnoBa reqoirea 
a knowledge of the prlnrlples of Geomelrlcal Drawing Of Sketching, and aa 
a tnltable golde and companion 10 anutenrs In tbie dellKbifal art. It bag 
TeceWed onlverfal dimmendatlun from tbe prese, and vre believe It fully 
merlli all thai bat bcsu tald In its praise." 
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i.9B0T (H. L.) Siege AniUety in the Campaign agiintf: 
Richmond, with NoiM on the 15-inch Gun, including 
■n Algebraic Analysis of the Trajectory of i Shot in its 
ricochet upon smooth water. IllusirBted with delaiJcd 
drawings of the U S. and Cotlfederaie rifled projectiles. 
By Henry L. Abbot, Maj. of Engineers, and Bvl Maj.- 
General U. S. Vols,, commanding Siege Artillery, 
Armies i>efore Rieimiond. Paper No. H, Professional 
Papers, Corps of Engineers. 1 vol. 8vo, doth (3 ■ S4 

ALEXASDER (J. H.) Universal Dictionary of Weights 
snd Measures, Ancient and Modern, reduced to the 
standards of the United States of America. By j. H. 
Alexander. New edition, enlarged. I vol. 3vo, cloth. 3-54^ 

3ENET (S. V.) Electro-Ballistic Machines, and the Schultz 
Chronoscope. By Brevet Lieut.- Colonel S. V. Benet 
1 vol. 4to, illustrated, doth 4. 09 

BROOELTN WATEH WORKS. Containing a Descrip. 
live Account of the Construction of the Works, and 
alio Reports on the Brooklyn, Hartford, Belleville, and 
Cambridge Pumping Engines With illustrations, I 
vol. folio, cloth 

BURGH (N. P.) Modem Marine Engineering, applied 10 
Paddle and Screw Propulsion. Consisting of 36 colored 
plates, 259 Pracrir^al Woodcut Illustrations, and 403 
pages of Descriptive Matter, the whole being an ex- 
position of the present practice of the following fimu: 
Messrs. J. Penn Sc Sons ; Messrs. Slaudslay, Sons Ar 
Field J Messrt. James Watt & Co.; Messrs. J. Sc G. 
Rennie; Messrs. R. Napier & Sons 1 Messts. J. & W. 
Dudgeon ; Messrs. Ravenhill & Hodgson ; Mes»& 
Humphreys & Tenant ; Mr. J, T. Spencer, and Mestn 
Forrester & Co. By N, P. Burgh, Engineer, [n I thick 

ToL 4to, cloth •■••• 25.00 

Do. do. half iDOrocc*. 30, 
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OAMPUI on the Conitmctioa of Iron Ronh. By Pnncil ' 
Cimpin. 8vo. witli pUto, doth 1} .( 

CHAUVEHET (Prof. Wm.} New Method of Correcting 
Lonir Diiuncet. anil Improved Method of Ficding the 
Error ir.d Rate of a Chronometer, by equal altitude*. 
By Wm- Chauvenet, LL. D. I voL 8vo, cloth J. I 

COLBaBH. The Gm WoAi of London. By Zerah Col- 
bum, C. E. I voL llmo, board) ; 

CBAIO(B. P.) Weights and Meamres, An Account of 
the Decimal System, with Tables of Conversion for 
Commercial and Scientilic Uses. By H. F. Craig, M. 
D. 1 rol. iquare jtmo, limp cloth ■ 

OOEFUT. Navigation and Nautical Astronomy; pre- 
pared for Ihc use of the U, S- Naval Academy. B7 
Prof. J. H. C. Coffin. 4ih edition enlarged, umo, 
doth 3.S 

FBENCH'B ETHICS. Practica! Ethics. By Rev. J. W. 
French, D. D., Professor of Ethics, U. S. Military 
Academy. Prepared for the Use of Students in the 
Military Academy, i vol. 8vo, cloth 4-S 

TBEHCH'S GBAUUAR. Pan of a Course on Language. 
Prepared for Instruction in the U. S. Corps of Cadets. 
By Rev. J. W. French, D. D., Professor of Ethics 
and English Studies in the United Slates Mililaiy 
Academy, West Point, i vol 1 zmo, cloth 2.5 

V£ANCIS. Loweil Hydraulic Experiments, being ■ leleo 

tion from Ezperimenu on Hydraulic Motors, on the 

Flow of Water over Wiers, in Open Canala of Uniform 

Rectangular Section, and through sutimergcd Orifice* 

and diverging Tube*. Made at Lowell, Massachusetts. 

By Jime* B. Francis, C. E. 3d edition, revised and 

. - enlarged, with many new experiments, and illustrated 

L with twenty-three copperplate engravings, i yol. 410, 

C. doth 15.* 
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VKAVCIS. On the Strength of C«st-rron Pillars.with Tab! 
for the use of Engineers, Architects, and Builders. By 
James B. Francis, Civil Engineer, i vol. 8vo, cloih., $1.3 

"A KtenilBo (r»llH at iDeitimable tdIiw Ui Ukwo Ku irbom IL le tnUDdgd."— AmI 

GULMOaE (Gen. Q;.A.) Treatise on Limes, Hydraulic 

Cements, and Mortars. Papers on Practical Engineer- i 

ing, U. S. Engineer Department, No. 9, containing 
Beport) of numerous Experiments conducted in New 
York City, tiuring the years 185B to 1861, inclusive. 
By Q^ A. GJllmore, Bvt. Maj.-Gen , U. S. A., Major, 
Corps U. S. Engineer*. With numerous illustrations. 
' vol. 8vo, cloth 4.i 

GOUGE. New System of Ventilation, which has been '! 

thoroughly tested under the patronage of many dis- 
tinguished persons. By Henry A, Gouge. Third A 
edition, enlarged. With many il lustrations. 8vo, n 
doth a.i 

HASBKOH. The Mechanics* Tool Book, with Practical ' 

Rules and Suggestions for Use of Machinists, Iron ^ 

Workers, and others. By W. B. Harrison, associate 
editor of the " American Arrisan." Illustrated with 44 
engravings, izmo, cloth a.i 

HBHBICI (Olaus). Skeleton Structures, especially in their 

application to the Building of Steel and Iron Bridges. ^ 

By Olaus Henrici. With folding plates and diagram*. 

I vol. 8vo, cloth j.ti 

HEWSON (Wm.) Principles and Practice of Embanking 
Lands from River Floods, as applied to the Levee* of 
the Mississippi. By Wilham Hewson, Civil Engineer. 
1 vol. Svo, cloth 2. a 
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tliET (A. I.) Railway Practict- Amcrictn iii4 Eur»> 
pcan Railway pFaciicc, in ihe economical Geofraiion of 
StMm, incluii'mg the Matei-Ub *nil Cgnatruction ofCoal- 
burning Boilers, Combustion, the Variable Ulast, Va- 
porization, CircuUiioT), Superheating, Supplying and 
Healing Feed-water, &c,, and the Adaptation of Woa4 
and Cokc-burninX Engines lo Coal-burning; and in 
Pertnaneat Way, including Road-bad, Sleepers, Raik, 
Joint-faiceningi, Street Railways, itc.. &c. By Alex- 
ander L. HoUey, B. P. With 77 lithographed plate*. 
1 vol. folio, cloth , $11.00 

I ■ "AllUi«eiub]«cuiU'StnMw1br ibBMihor iDbaUi Bu iBlBlllgeiit Hid iDlel 
I ^ouuiflr. Tbe Facts And Ideu tie well uruiif^, onrl pr«au(ad In » clevr uid Bltt- 
flB, accompwitod bj beautiful eagrdTiDgH, aDd W9 prcg^imc tlie worlE «i 
irJad oa indlapeasabl* hj akJ wbD ara UilwesMd la a fcnnnleil^ oF Ike cuoalri 
lUrouta aod roUUig atock, or Uio workaigvt locemotiTu."— ^CiaU^ Attriaui 

WIST (R. M.) Designs for the Gateways of the Southern 
Entrances to the Central Park. By Richard M. Hunt. 
With a description of the dceigns. 1 vol. 4I0, illus- 
trated, cloth 

[0 (W. H.) Lesaong and Practical Notes on Steam, 
the Steam Engine, Propellers, Sec, Sec., for Young Ma- 
rine Engineers, Students, and othen. By the late W. 
H. King, U. S. Navy. Revised by Chief Engineer J. 
W. King, U. S. Navy. Twelfth edition, enlarged, ivo, 

cloth l.M 

E KANSAS CITT BBIDOE, vrith an account of the 
Regimen of the Missouri River, and a description of 
Methods used for founding in that River. By O. 
Chanuie, Chief Engineer, and George Kforrison, 
Assistant Engineer. Illustrated with five lithographic 

views and twelve plates of plans. 4to, cloth 6 . CX) 

JOEUICK (R. C). Arizona ; Its Resources and Pros- 
pecti. By Hon. R. C. McCormicL Widi map, 8vo, 
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PIERCE fPfof. Bcnj.) System of Analytical Mechinici. 
Physical and Oclcslial Mechanics, by Benjamin Pierce, 
Perkin) Professor of Agronomy and Mathematics in 
Harvard Unlversily, and Consuliing Astronomer of the 
American Ephemerisind Nautical Almanac. Developed 
in four systems of Analytical Mechanics, Cele&cial Me- 
chanics, Potential Physics, and Analytic Morphology. 
I vol. 4.to, cloth .$11 

turn ttarir Umi rei^sircb'^ jiad Ibsir most eultsil tatms at Ibw ghl low a Enuinsi 
mlfarm ImulH, If 1 ban berebj Bnecesdeil In oponlng lotbesti>i)«iit9 of my con 
nuHer icceu >d tbceo cbultm Jowela ul Intelkcl; it Uieir brlUiani:; Is as* lm]«ir«l t 
■tiDDipl ca rHct tbom; if, <q tbetrana cgut^lcllatlsn, Ibe; llluBlriiLB «eb DEber,u 

Uwi mj work baa nal boeo In nun."— EEilmd/mii Ac Pnjfaa. 

PLTMPTON. The Blow-Pipe ; a System of Instruction in 
it! Practical Use, being a Graduated Course of Analy- 
sis for ihc Use of Students and ail those engaged in the 
Examination of Metallic Combinations. Second edi- 
tion, with an appendix and a copious index. By Geo. 
W. Plympton, of Ihc Polytechnic Institute, Brooidyn. 
I vol 1 2mo, cloth 1 

\ POOK (S. M.) Method of Comparing the Lines and 
Draughting Vessel) Propelled by Sail or Steam, In- 
cluding ■ chapter on Laying off on the Mould-Loft 
Floor. By Samuel M. Pooli, Naval Constructor. I 
vol, 8vo, with illusl rations, cloth ] 

} aAKDALL'S ftTJASTZ OEERATOR'S HAITO-BCOK. By 
P. M. Randall. Kew etiilion, revised and enlarged. 

Fully illustrated, umo, cloth a 

BOaERS (H. D.) Geology of Pennsylvania. A complete 
Stioniific Treatise on the Coal Formations. By Henry 
D. Rogers, Geologist. J vols- ^to, plates and maps. 
Boards , u 
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I UA8SACHDS£TTS. Removal of Towei and Cor- 
I win Rocks. By John G. Foster. LieuieDsnt-CoIonel 

I, of Engineers, anJ Brevet Major-General, United 

U Stales Army. With illustrations. 4I0, cloth IS-SO 
FFHSB (T. ?.) Telegraph Manual. A complete 
I Hisiory and Uescripdon of the Semaphoric, Electric, 
I and Magnetic Telegraphs of Europe, Asia, and Africa, 
( with 635 illustrations. By Tal. P. ShafF..cr, of Ken- 
tucky. New edition. 1 vol. Bvo, cloth, 850 pp . 

jaVESSMTTH (Julius). A Practical Hand-Book for M!- 
r nera. Metallurgists, and Assayers, comprising the moil 
leccDt improvements in the disintegration, amalgama 
^' tion, smelting, and parting of the Precious Ores, 

* Comprehcnjive Digest of the Mining Laws. 1 
I* Bugumentcd, revised, Rnd corrected. By Julius Silrer- 

Btiuth. Fourth edition. Proiijsely illustrated, i roli 
1 2mo, doth 

Dot's liEVELLINQ. A Treatise on the Principles and 
Practice of Levelling, showing its application to pur- 
poses of Railway Engineering and the Construction 
of Roads, &c. By Frederick W. Simms, C. E. 
From the fifth London edition, revised and correaed, 
with the addition of Mr. Law's Practical Examples 
for Setting Out Railway Curves. Illustiated with 
three lithographic plates and numerous wood-cuts. 
8vo, cloth 

WBMARINE warfare, Offensive and Defensive, 
including a Discussion of the Offensive Torpedo 

>' System. By Lieut, -Commander J. S. Barnes, U.S.N. 

• With illuslraiioLis. Svo, cloih 5.00 
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D VAK NOSTKASDS PUBLIC ATI OSS. 

tPLATTHER'S BLOW-PIPE ANALYSIS. A Complete 
Guide to Qiialiutive ami Quaiititalive Esami nations 
with the Blow-Pips. Revised ond cnlarLjcd by Pror. 
Richlcr, Freiberg. Translated Trom the latest Ger- 
man etiilion by Henry B. Cornwall, A, M., E. M 
8vo, cloth 

\ SfHBRICAL ASTRONOMY. By F. Brunnow, Ph. Dr. 
Translated by the Author from ihe Second German 
edition. I vol. 8vo, cloth 6.5a 

I BTULUAN (Paul). Sleam Engine Indicator, and the Im- 
proved flianometer Steam and Vacuum Gauges — their 
Utility and Application. By Paul Stillraan. New 
edition. ■ vol. 1 2mo, flexible cloth 1 .oa 
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BWEET (S. H.) Special Report on Coal ; showing its Dis- 
tribution, Classification, and cost delivered over different 
route* to various points in the Sure of New York, and 
rhe principal cities on ihe Atlantic Coast. By S. H. 
Sweet. With maps, 1 vol. 8vo, cloih 3 ,oU 

WILLIAMSON. Practical Tables in Meteorology and 
Hypsometry, in connection with the use of the 
Barometer. By Col. R. S. Williamson, U, S. Army. 
4to, flexible cloth > . 50 

WALKER (W. H.) Screw Propulsion. Notes on Screw 
Propulsion, its Rise and Hisiory. By Capt. W. H. 

Walker, U. S. Navy. 1 vol. 8vo, cloth 7S 

"After Iliiiroiighly demniulrKiiig ttx elBcLBney of tlis Bcrow, Ur. Wnlker preneed* U 

war, aai riiloglira ltiraui;liout tbs rcaillneB of Uie BrIllBh Admlmll; Id loal cvaj cot. 



upnnizif no DplniDD." — LMdi« ItuuHg JimthL 
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IBACH'S HECH&mCS. New and revised edition.'' 
A Manual of the Mechanics of Engineering, and of 
tlie Construction of Machines. By Julius Weisbarh, 
Pa. D. Translated from the fourth augmented and 
improved German edition, by Eckley B. Coxe, A. M, 
Mining Engineer. Vol. I. — Theoretical Mechanics. 
I voU 8vo, I, too pages, and 901 wood-cut illustra- 
tions, printed from electrotype copies of those of the 

best German edition $10. oa 

Abstract of Contents. — Introduction to the Cal- 
culus — The General Principles of Mechanics — Pho- 
ronomics, or the Purely Mathematical Theoiy of 
Motion — Statics of Rigid Bodies — The Application 
of Statics to Elasticity and Strength — Dynamics of 
Rigid Bodies— Statics of 1- luids— Dj naniics of Fluids 
— ^The Theoiy of Oscillation, etc. 

vtA. It ronnB n Icit-bdDIL wbicli must Qui lis nay inlu UiD bauds, sol on!/ of ki 
lut oT enry ni^ser wlia deefres la TETrssb bis mcmur; ar acquire elMT Ir 
01 puttiB."— ri^Hdmrfijul. 

WARD {J. H.) Steam for the Million. A popular Trea- 
tise on Steam and its Application to the useful Arts, 
especially to Navigation. By J. H. Ward, Com- 
mander U. S. Navy. New and revised edition, i 
vol. 8vo, cloth I . 

WHILDEH (J. K.) On the Strength of Materials used 
in Engineering Construction. By J. K. Whilden. 
I vol. 1 2mo, cloth a . 

Wn-LIAMSON (R. §,) On the use of the Barometer on 
Surveys and Reconnaissances. Part I. Meteorology 
in its Connection with HyfBomeiry. Part II. Ba- 
rometric Hypsometry. By R. S. Williamson, Bvt. 
Lieut. -Col. U. S. A., Major Corps of Engineers. 
With Illustrative Tables and Engravings. Paper 
No, 15, Professional Papers, Corps of Engineer. 

^ I vol. 4to, cloth 15 
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EOBBLIHG (J. A.) Long and Short Span Railway 
Bridges. By John A. Rocbling, C. E. Illustrated 
with large copperplate engravings of plans and views. 
Imperial folio, cloth I2 5 . ca 

CLABKE (T. C.) Description of the Iron Railway 

Bridge over the Mississippi River, at Quincy, Illi- , 

nois. By Thomas Curtis Clarke, Chief Engineer. 
Ulustiated with 27 lithographed plans. 1 vol. 8vo, 
cloth 7 50 

IIIHN£R {V.) A Treatise on Roll-Turning for the 
manufacture of Iron. By Peter Tunner. Trans- 
lated and adapted by John B. Pearse, of the Penn- 
sylvania Steel Works, with numerous engravings 
and wood-cnts. i vol. 8vo, text, and fol. vol. Plates, 
cloth 

BHEBWOOD (B. F.) Engineering Precedents for Steam 
Machinery. Arranged in the most practical and 
useful manner for Engineers. By B. F. Isher- 
wood. Civil Engineer, U. S. Navy. With illustra- . 
tions. Two volumes in one. 8 vo, cloth i-jd 

JATTEKMAH. Treatise on the Metallurgy of Iron, con- 
taining outlines of the History of Iron Manufacture, 
methods of Assay, and analysis of Iron Ores, pro- 
cesses of manufacture of Iron and Steel, etc., etc 
By H. Bauerman." First American edition. Re- 
vised and enlarged, with an appendix on the Martin 
Process for making Steel, from the report of Abram 
S. HewitL Illustrated with numerousVood engra- 
vings. I zmo, cloth z . 5a 

« Tbll la ui liqparum ■ddlllon tn Lbe ■tocli ol tecbnlcnl wnrka pabllHlied Id ibk 
BDflDtrjr. It imbodlM the ktm (licU, dlBcoverloi, mnd proceosea umptclod wlLb (In 
Bunnfunars of Iron ud iBeol, and ibould bs 11 lbs IwadB ot every peraoQ iDlsmlaU la 
lbs aubjsct, aa well aa In all tei^nical and telealUlD Ilbrariea.' 



FEET. Manual of Inorganic Chemistry for Students. 
By the late Dudley Peet, M. D. Revised and t 

Llarged by Isaac Lewis Peet, A. M. iSmo, clotK. , 
. : 



tuu£HT. Treatise on Optics : or, Light aod S^fat, 

oraicaJlf sad practically treaXed ; with the applica- 
tioD to Fine Ait and ladustrial Puisoits, By E. 
NngenL With one hundred and three iUustnuioos. 
iimo, cloth $i.oa 

" TtiB bosk ■ sf ■ pnctla] nllwr thui i. Ui»r«Kal kind, ud Is deBlgos^ 

•ABIITB. HISTORY &HD FBOOBESS OF TEE ELEC- 
TBIC TELEOEAPH. By Robert Sabine, CE. ad 
edition, with additions. Fully illostiated. izmo, do. 1.75 

BLTan (J.) Treatise on the Power of Water, as applied 
to drive Flour Mills, and 10 give motion to Tur- 
bines and other Hydrostatic Engines. By Joseph 
Glynn. Third edition, revised and enlarged, with 
numerous illustrations. 12010, doth ■.15 

rBIHE. TREATISE ON ORE DEPOSITS. By Bern- 
hard Von Cotta. Translated from the Second Ger- 
man edition by Frederick Prime, Jr., Mining Engi- 
neer, and revised by the Author. With numerous 
illustrations. 8vo, cloth 4 . 00 

HVUBER. A Handy Book Tor the Calculation of Strains 
in Girders and similar Structures, and their Strength, 
consisting of Fonnuls and corresponding Diagrams, 
with numerous details for practical application. By 
William Hum^jer. iimo, fully illustrated, cloth. .. i.5( 

BILLUORE. Engineer and Artillery Operations against 
Charleston, 1863. By Major- Gen era] Q. A. Gill- 
more. With 76 lithographic plates. 8vo, doth . . , 10.00 

—~ Supplementary Report to the above, with 7 lilho- 
gnphed maps and views. 6vo, cloth 5.01 



AVCHIRCLOSS. Link and Viil\'e Motions Simplified. 
Illustrated wiih 37 wood cuis, and zi lithographic 
plates, together with a Travel Scale, and numerous 
useful Tables. By W. S. Auchincloss. 8vo., clotli, $3 oc 

JOTHCOIT. UriAIS USED IN COTISTIHICTION- 
Iron. Steel, Bessemer Metal, etc., etc. With illus- 
trations. 1 2mo, cloth 71 

XLIOT ANS STOBEB. A compendious Mantial of 
Qualitative Chemical Analysis. By Charles W. Eliot, 
and Fnuik H. Storcr. Illustrated, i2mo., cloth,... i 5c 

VAN BUBEN. Investigations orFonnulas, for the strength 
of the Iron parts of Steam Machinery. By J. D. Van 
liiircn, Jr., C. E. UlusitniiLd, Bvo., cloth 1 oo 

WT.SSON. Designins and Con^itruction of Machine 

Gearing. Illustrated, 8vo., cloth, 1 oo 

HOW TO BECOME A SUCCESSFUL ENGIHEER. 

Heing hints to Vouihs intending to adopt the Pro- 
fession. By Bernhard S uart. iSrao., cloth, 

FHEE HAND DRAWING a Guide to Ornamenul. Fig- 
ure and Landscape Drawing. By an Art Student. 
Profusely illustrated, i8mo., cloth 

THE EARTH'S CBDST. A handy Outlme of Geolc^y. 
By David l^ge. Illustrated, i8mo., cloili, 

DICTIONARY of Manufactures, Hininj, Machineo", and 
the Intiusuial Arts, By George Dodtl. iimo., 



■ATEK. Lecture Notes on Plij'sics. By Alfred M. 

Mayer, Ph. D. Svo. cloili $1. 

i TREATISE ON THE HICSAUDS STEAU-ENOINB 
I8D1CAT0B, with Directions for its Use. By Chas. 
T. Porter. Revised with notes and large additions, 
as developed by American Practice, with an Appendix 
containing useful formulas and rules for Engineers. 
By F. W. Bacon, M. E., Member of the American 
Society of Civil Engineers. iSmo, illustpaled. Cloth, i.cxi 

ON THE FILTRiTiON OF RIVER WATERS, for the 

Supply of Cities, as practised in Europe, made to the 
Board of Water Commissioners of the City of St. 
Louis. By j. P. Kirkwood, Civil Engineer. Illus- 
trated by 30 engravings. 4to, cloth 15.00 

IHE PLANE-TABLE AND ITS USE IS TOPOGRAPH- 
ICAL SOaVEYISQ. From the Papers of the U. 
S. Coast Survey. Svo, illustrated. Cloth a. 00 

KEPORI on Machinery and Processes of the Industrial 
Arts and Apparatus of the Exact Sciences. By F. A. 
P. Barnard, LL. D. Paris Universal Exposition, 
1867. I vol. Svo, cloth 5.00 

JBQB TRUSS BRIBQES FOR RAILROADS. The 

Method of Calculating Strains in Trusses, with a 
(Careful Comparison of the most Prominent Trusses in 
Reference to Economy in Combination, etc By 
Brevet Colonel William E. Merrill, U. S. A. Illos- 
tiatcd. 4to, cloth 5.CC 

BSEFUL IHFORMATION FOR RAILWAY MEN. 

By W. G. Hamilton, Engineer. Second edit; _,-re^ 
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